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., A wide range of practical problems can be simulated using these shapes.
For example, flat plates can be used to model the superstructure of
a ship, the body of a truck, or the wings and stores of an aircraft.
The finite elliptic cylinder can be used to model a mast or smoke
stack of a suip, or the fuselage and engines of an aircraft.

This document describe. the FORTRAN coding in detail. It gives
backgrdund on practical aspects of the GTD and contains an overview
of the code organization. This information will be of primary interest
to someone attempting to modify the code. It will also be helpful when
the code is being implemented on a computer system on which the coding
may not be compatible.
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e CHAPTER I
INTRODUCTION

The Numerical Electromagnetic Code - Basic Scattering Code

- is a user-oriented computer code for the analysis of the far field
patterns of antennas in the presence of perfectly conducting metal
structures at UHF and above. Complicated structures can be simu-
lated by arbitrarily oriented flat plates, an infinite ground plane,
and a finite elliptic cylinder. This type of analysis has been
used very successfully in the past to model aircraft shapes[1,2,3].
The present solution has been extended to include a wide range
of problems. For example, flat plates can be used to model the
superstructure of a ship, the body of a truck, or the wings and
stores of an aircraft. The finite elliptic cylinder can be used
to model a mast or smoke stack of a ship, or the fuselage and engines
of an aircraft.

The analysis is based on uniform asymptotic technigques formu-
lated in terms of the Geometrical Theory of Diffraction (GTD) 4,5,6].
The GTD approach is ideal for a general high frequency study of
antennas in a complex environment in that only the most basic struc-
tural features of an otherwise very complicated structure need to
be modeled. This is because ray optical techniques are used to
determine components of the field incident on and diffracted by
the varicus structures. Components of the diffracted fields are
found using the GTD solutions in terms of the individual rays which
are sumned with the geometrical optics terms in the far field.

The rays from a given scatterer tend to interact with other struc-
tures causing various higher-order terms. In this way one can
trace out the various possible combinations of rays that interact
otween scatterers and determine and include only the dominant
terms. Thus, one need only be concerned with the important scat-
tering components and negiect all other higher-order terms. This
method leads to accurate and efficient computer codes that can

be systematically written and tested. Complex probiems can be
built up from simpler problems in manageable pieces.

The limitations associated with the cowpu.:” .ode result
from the basic nature of the analyses. The solution is derived
using the GTD which is a high frequency approach. In terms of
the scattering from plate structures this means that each plate
should have edges at least a wavelength long. In terms of the
cylinder structure its major and minor radii and length should
be a wavelength in extent. In addition, each antenna element should
be at least a wavelength from all edges and the curved surface.
In many cases, the wavelength 1imit can be reduced to a quarter
wavelength for engineering purposes.
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Modeling small structures and antennas can be better accom-
plished using an integral equation solution such as NEC-Moment
Methods[7]. The Basic Scattering Code has been interfaced with
the Moment Method code so that the capabilities of both methods
can be used to the fullest. For example, the Moment Method code
can be used to analyze the currents and impedance of an antenna.
The magnitude and phase of the current weights can then be used
in the Basic Scattering Cede to predict the far field patterns
of the antennas in arbitrary pattern cuts.

There are two documents describing the NEC-Basic Scattering
Code. Part I is a User's Manual[8] that contains a detailed de-
scription of the input parameters, an interpretation of the output,
and example problems. The example problems are composed of sample
input data with the resulting far field patterns compared against
known results to confirm the validity of the code. Most users
of the code will find that the User's Manual is sufficient to learn
how to effectively operate the code.

This document is Part I1. It describes the FORTRAN coding
in detail. Chapter II gives background on practical aspects of
the GTD. Several examples are shown to illustrate how the various
GTD fields superimpose to give a total solution. Next, a partic-
ular GTD term is discussed in more detail to show the general con-
cepts involved throughout the code. Chapter III contains an over-
view on how the code is organized. It describes the various coordinate
systems involved, how a general subroutine is organized, and how
the various subroutines are interrelated. Chapter IV contains
for each subroutine: (1) a statement of purpose. ,2) an illus-
tration showing the geometry involved, (3) a brief narrative on
the method used, (4) a flow diagram, (5) a dictionary of major
variables, (6) a listing of the code. Chapter V defines the common
blocks and Chapter VI lists the system library functions used by
the code.

The information in the Code Manual will be of primary interest
to someone attempting to modify the code. It will also be helpful
when the code is being implemented on a computer system on which
the coding may not be compatible.
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CHAPTER 11
BACKGROUND

The Basic Scattering Code is used to evaluate the far field
patterns of a given antenna in the presence of perfectly conducting
scattering structures. It is a useful tool in the analysis and
design of antenna placement and performance. This section provides
the reader with background on how GTD is used in the code for com-
puting the scattered fields. It also shows how to interpret
and correlate the computed scattered fields to the specific geometry
of a scattering structure. This chapter also provides a simple
view of how the code generates a specific GTD scattered term. '
The explanations provided are general, giving an introduciton to
the more detailed descriptions provided later in the code manual.

For a theoretical anlaysis of the methods used in the code, the
reader is encouraged to refer to References 1, 4, 5, 6.

A. Qualitative Overview of GTD

The goal of the code is to solve for the fields scattered
in a specified direction from a source (or set of sources) by the
various features of a structure, as shown in Fiqure 1. The total
field 1n a given observation direction is obtained by taking the
sum of fields resulting from a number of diffevent scattering
mechanisms. Each component is determined by tracing the ray through
the anpropriate geometrical path and then using the Uniform Geo-
metrical Theory of Diffraction to compute the magnitude and phase
ov the fielc .. it has not been shadowed. The following examples
serve to show the different mechanisms used in computing the scat-
tered field and an example of typical fields resulting from such
mechanisms.

Example consisting of a source and a single scattering element

The geometry used is a half-wave electric dipole mounted
two wavelengths above a square plate four wavelengths on a side

as shown in F\gure Ehe total.field of the source and structure
is glven by, where‘! is the incident field:
incident source field, where ray is not shadowed
] 0 . where source ray is shadowed,

and E is the GTD scattered field:

s - (scattered fields, where the rays are not shadowed,
10 , where the rays are shadowed.
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SOURCE

Figure 1--I1lustration of general GTD problem.
The GTD scattered field is composed of the reflected fields, dif-

fracted fields, etc. The source and reflected fields comprise
the geometrical optics fields (G.0.).
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Figure 2--Gecmetry for a source in the presence of a plate.
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Several single-order terms are used to compute the fields
(in the far-zone) scattered by this structure. The word "order"
here refers to the number of times the particular scattering term
interacts with the body as it propagates from the source to the
observatior point. The source (or incident) field is that field
-which propagates straight from the source into the far field in
the direction of the observer as shown in Figure 3. The pattern
of the source field, in the presence of the plate, taken in the
plane of the page is shown in Figure 4. The scale used in the
patterns of Figures 4-10 is 0 to -40 dB. They are normalized to
the maximum value of the total field pattern in Figure 10.

7’ N
N N
,7 PLATE-~ .

Vs
AN
7 N sHADOW "

BOUNDARIES
Figure 3--1'lustration of source | Figure 4--Source field.
ray paths.

The reflected field is simply the geometrical optics field
ref lected by the plate as shown in Figure 5. The fields due to
the reflection mechanism, shown in Figure 6, are easily obtained
from image theory. The total geometrical optics {ields {the sum
of the direct and reflected fields) are platted in Figure 7.
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Figure 5--Illustration of plate
ref lected ray paths.
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figyre B--Field refliected £ igure 7--Geoetrical sptics 7field
fraa plate. which is the sum of the
incident and reflected
fields.

acaadelakss o and DM s




IR e T e |

The diffracted fields, which include edge, slope, and corner
diffraction, are shown in Figure 8. The ray paths for edge dif-
fraction are shown in Figure 8. Figure 10 shows the total scat-
tered field. Note that the diffracted field smoothes out the
discontinuities on the G.0, fields. Although the diffracted field
magnitade is continuous at the shadow boundary, the phase jumps
by 180~ there. This subtracts from the lite side and adds to the
shadow side, smoothing out the discontinuity. Higher order terms
(such as double difiraction) could also be computed to further

improve the accuracy of the solution.
SOURCE
PLATE’/I

Figure 9--11lustration of
diffractcd rays.

Frgure 3--Diffracted fields,

Yigure 13--Tats® pattern.




Example consisting of a source and three scattering elements

N
&) .
: ~
SOURCE L\/ \__/J SOURCE
TOP VIEW SIDE VIEW

Figure 11-~IT1lustration of source and scattering elements.

The geometry used for this example is shown in Figure 11.
As with the previous example, the source field, single order plate
reflections, and diffractions exist, as is shown in Figures 12-
16. Field patterns in Figures 11-36 arc taken in the plane normal
to the cylinder and plotted with a scale from 0 to -40 dB such
that they are normalized to the maximum value of the total field
pattern in Figure 36.

A
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Figure 12--Source field \Figure 13--Source fi=lds.
ray paths.
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SOURCE

Figure 14--11lustration of first order
plate ray paths.

Figure 15--Fields due to single Figure 16-~Fields due to
order plate re- plate dif-
flection. fraction.

In addition to first order plate terms there are first order
cylinder terms: 1) the scattered (reflected and diffracted) fields
from the cylinder's curved surface, 2) the field reflected from
the end caps and 3) the fields diffracted by the end cap rims,

These are shown in Figures 17-21. Note that in the geomeiry pre-
sented in Figure 11, end cap reflections will not occur. Therefore,
a different geometry is shown in Figure 21 to demonstrate end cap
reflections. Note that with more than one body present, individual
terms are often shadowed by other bodies in the structure, creating

L T e fee S e [ e e e e



discontinuities as shown in many of the figures (as in Figure 18
for the cylinder scattered fields).

N

SOURCE

Figure 17--First order ray Figure 18--First order cylinder
paths for the curved surface scattered
cylinder's curved field.
surface.

LY
SOURCE

k/'z

Figure 19--Ray paths for end cap diffracted fields.
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Figure 20--Fields due to end cap diffraction.

Figure 21--ITlustracion of ray naths for end cap reflected fields.
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In addition to single order mechanisms, second order scate
tering occurs where the ray is scattered by one body and then scat-

tered by the seccnd. Several different double scattering (or second

order) terms are computed. Double reflection, where a ray is re-

flected by one plate and then by another, is shown in Figures 22
and 23.

Figure 22--Ray path for double Figure 23--Fields due to
reflected fields. double reflected
rays.

Another second order scattering mechanism involving plates
is reflection-diffraction, where a ray is reflected from one plate
and diffracted by arnther. This is illustrated in Figures 24 and
?5. The inverse mechanism, diffraction-reflection, illustrated
in Figures 26 and 27, involves fields diffracted from a plate edge
and ther reflected by anotner plate.
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Figure 24--Ray paths for plate Figure 25--Fields resulting
reflection-diffraction. from plate
reflection-
diffraction.

SOURCE
Figure 26--111ustration of plate Figure 27--Fields due
diffracted-reflected to plate diffraction-
ray paths. reflection
' mechanism.
13




A number of the scattering mechanisms involve interactions
between the cylinders and one of the plates. Two such terms result
from scattering of the fields by the cylinder and then reflection
by a plate and vice-versa. Figures 28 and 29 illustrate the ray
paths and fields of rays which are reflected from a plate and
then scattered by the elliptic cylinder. Figures 30 and 31 il-
lustrate ray paths and fields resulting from ray scattered by the
cylinder and then reflected by a plate.

SOURCE
Figure 28--111ustration of rays Figure 29-~Fields reflected
reflected by a plate by plates and
and scattered by the then scattered by
cylinder. the cylinder.
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Figure 30--ITlustration of rays Figure 31--Fields scattered
scattered by cylinder by the cylinder
and then reflected by and reflected by
a plate. a plate.

Another second order scattering mechanism involves fields
reflected by the cylinder and then diffracted by a plate edge.
The ray paths and fields for this term are illustrated in Figures
32 and 33. The inverse of this term is the fields of rays dif-
fracted by a plate edge and then reflected by the cylinder, as
shown in Figures 34 and 35.

15




SOURCE

Figure 32--I1lustration of ray
reflected by cylinder
and diffracted by
plate edge.

SOURCE

Figure 34--111lustration of rays
diffracted by plate
edge and reflected
by cylinder.
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Figure 33--Fields reflected by
cylinder, diffracted
by plate edges.

Figure 35--Fields diffracted by
plate, reflected
by cylinder,
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The total pattern is obtained by summing the field componants
for the mechanisms mentioned previously. The total field pattern
is illustrated in Figure 36. ;

3

(v
\

-~

Figure 36--Total fields of source in the presence
of scattering bodies.

Higher order scattering terms can also be computed, which
will in some cases improve the accuracy of the field computations.
Generally, it is found that such terms are negligible in magnitude
as well as being difficult to compute and therefore are not included
in the code. The presence of discontinuities in a final field
pattern, however, indicates the presence of regions where higher-
order terms are needed.

8. Method Used in Computing the £ields Using GTD

In order to use the Basic Scattering Code, the user first
specifies a set of observation angles, for which he desires to
obtain the far field pattern of the source{s) in the presence of
a structure. The code computes the fields over the pattern angles
specified for each source defined and uses syperpesition to obtain
the total fields. For each ogbservation direction camputed, the
code computes every 67D term applicable to the structure at hand,
unless the user limits the types of terms computed. Each term
is computed independently of the others. The following gives an
outline of the procedure used in computing a particular GTD ters.

The code first analyzes the input geometry in the geometry
subroutines. Many of the parameters which do not vary for & given

7




geometry are computed there in advance. This avoids re-computation
of fixed variables. It also gives an a priori indication of the
regions in which different GTD terms need to be included. This

allows the code to avoid performing computations where not neces-
sary.

Two examples of GTD probliems involving first and seconu order
scattering phenomena are shown in Figures 37 and 38, respectively.
A basic outline of how the various fields are computed is as follows:

Make any a priori checks of the fixed geometry

Compute ray path for specific mechanism desired

Determine if ray is blocked anywhere by another part

of the structure

4. Use theory to compute the magnitude and phase of the

field component resulting from the mechanism. If a second
order mechanism is involved this is a two step process
where the field of the first interaction is computed

and then the field of the second interaction is computed.

J ;
/

Figure 37--First order scat- Figure 15--Second order scat-
tered term. tered tern.

Lo N —
« o o

The following is 3 more specific example of how the code computes
the fields of a second order scattering term. The geometry, con-
sisting of & source and four plates, is illustrated in Figure 39.

18




e SOURCE
EDGE # |

PLATE#2 PLATE #3

Figure 39--I1lustration of a multiple plate example,

The code starts by choosing a source and a particular field

tern,

As an example, let us choose the field reflected by plate

#1 and lnen diffracted by edge #1 of plate #4. The code next
chooses an hservation angle and performs the following tasks:

1)

The firnd aeometry bounds are checked to see if a dif-
fraction cai: cccur in the direction specified. If it
can, the code pruceeds to the next siep. If it can't,
the code sets the f:»lds to zero.

Determination of ray path. The code establishes the ray
path, which includes both ti» reflection and diffraction
points, as well as the propagation direction of the ray.
It is temoorarily assumed that plate #1 is of infinite
extent, and that no shadowing occurs. [t is alse assuted
that edge #1 of plate #4 s infinite. This guarantees
that the reflection-diffraction will occur. The plate
reflection can be handled by using the image of the
source in plate #1 and resoving the nlste, as all the
plate reflected rays appeac to emanate from the iwmage
location (3s shown ia Figure 40j.

19
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Fonk
SOURCE
IMAGE

1
AR

(

PLAYE #1

Figure 40--11lustration of the fields reflected _
off of plate #1. 5

The code then computes the diffraction point such that

the law of diffraction is satisfied. The law of dif- ;
fraction specifies that the angle the incident ray makes
with the edge and the angle the diffracted ray makes
with the edge are equal as shown in Figure 41.

. _

.\ £0GE | OF PLATE .
source N MP EXTENDED .=
e A ' INFINITELY
HMAGE \ \ ) %
A i

b DIFFRACTION 1

POINT

ke

o~ hppr

Figure 4l--i1lustratian of 2 ray fron the scurce image
of plate #1 difiracted from edge &' of '
plate #S. b
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Once the diffraction point is known, the reflection point
on plate #1 is found by determining the line from the
source image to the diffraction point. This reflection
point is the intersection between this line and plate

#1 as shown in Figure 42,

REFLECTION
» POINT

SOURCE
IMAGE

- s
-, \ ”
” ” L .FFRACTION

P d V\
\ ROINT
rd
”
”

EDGE # 1| OF PLATE #4
EXTENDED INFINITELY

~_ PLATE # | EXTENDED
INFINITELY

Figure 42--Geometry used in finding reflection
point on plate #1.

The code then determines if the ray path is valid for

the finite geometry of the structure. The reflection
point is valid if the line drawn fron the image source

to the diffraction point passes through the finite plate
{plate #1) as shown in Figure 43. The diffraction point
is valid if the point lies along the limits of the finite
edge (see Figure 44). Figure 45 shows the computed ray
path {assuming the scatterer points do iie on the finite
plates).
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DiFFRACTION

POINT
N

SOURCE
IMAGE

‘ RAY HITS FINITE PLATE , REFLECTION OCCURS

POINT

\

DIFFRACTION

RAY DOES NOT HIT FINITE PLATE,

REFLECTION DOES NOT OCCUR

Figure 43--T1lustration of test for reflections from

plate #1 for two different cases.
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DIFFRACTION
POINT g
DIFFRACTION R o
Pomr\ PR ———
»”
P P4
”

BLATE # 4 S PLATE #4
DIFFRACTION POINT ON DIFFRACTION POINT NOT ON
EDGE, DIFFRACTION OCCURS  EDGE, DIFFRACTION DOES

NOT OCCUR

Figure 44--I1lustration of test for diffraction from
edge #1 of plate #4.

o>

Figure 45-~-1T1lustration of the ray path for a field reflected
from plate #1 then diffracted from edge #1

of plate #4.
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3. Test for ray shadowing lJ
The code next checks to see if the ray is obstructed anywhere
along its path. The code first checks to see if the ray is shadowed 1
after ithe diffraction by determining if a ray traveling in direction
D from the diffraction point will hit a plate or a cylinder. The i
code then checks to see if the ray is shadowed between the reflection i
and diffracticn points. In the example given this is the critical ¢
area, as there are other plates in this vicinity (see Figure 46).
A
D
SOURCE i
L.
%
Ray nat shadowed between reflection and ‘.
diffraction points.
cE b
SOUR /
PLATE #2
Ray shadowed by plate #2.
Figure 46--I1Tustration of test for the shadowing of the ;
ray of interest by a plate.
24
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The code then checks to see if the source ray is shadowed
by a plate or cylinder. If it is found that the ray is shadowed
or that the reflection diffraction specified cannot happen for
the geometry at hand, the code suspends computation of the term
and sets the reflected-diffracted ray's field to zero.

4a. Computation of reflected field incident on the diffraction
point.

The reflected field is simply obtained by using the image
source located at the image position and computing the "free-space®
fields incident on the diffraction point.

4b. Computation of the diffracted field

The diffracted field is obtained by multiplying the field
incident on the edge by the edge diffraction coefficients. The
parameters needed for the diffraction coefficients are obtained
from the geometry of the incident and diffracted rays and the edge.
The phase of the diffracted ray is then referred to the cocordinate
system origin and the task is completed.

25




CHAPTER III
CODE ORGANIZATION

The information in Chapter II is designed to present a quali-
tative view as to how the GTD is systematically used toc construct
a solution to a couple of problems. This chapter is intended to
present how specific piecas of the code relate to the computation
of the scattered fields.

First a brief outline is given in Section A. In Section B,
tables are given, showing the interrelationships of the subroutines
and the common blocks. Ways of reorganizing the code into smaller
pieces are discussed in Section C. In Section D, a description of
which variables must be redimensioned to change the maximum number
of sources, plates, and edges is given.

In the Tast section, a brief discussion of most of the coor-
dinate systems used in the code is presented. This is intended to
provide a convenient way of reducing repetitive discussion of these
systems throughout the subroutine descriptions.

A.  Overview of Code

The Basic Scattering Code is organized in a systematic way to
increase the efficiency of computation by reducing core swapping
and to allow different pieces to be run separately. This feature
can be quite useful when it is necessary to run the code in a limited
amount of core.

The various operations of the code are carried out in different
classes of subroutines such as field computation, geometry, shadowing,
ray tracing, and other service subroutines. Many of the subroutines
are classified along with a brief description of their principal
functions in Table 1.

The MAIN program provides the overall control of the various
operations of the code. It controls the input of the geometry data,
which is described in detail in the User's Manuall 8]. It prepares
the data for computation by transforming the input data into the
optimum coordinate system for computations and by normalizing vari-
ables into common unite of wavelengths, It also directs the com-
putation of the various GTD fields and superimposes these fields
to obtain the total far field pattern. The overall structure of
the computation section of the code is outlined below.

The main ~omputation section is composed of a number of large
D0 loops that step through all the various sources, GTD field types,
scattering centers, and observation directions. Each loop ends at
a common point where the different fields are superimposed and stored.
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The first loop steps through the different sources. For a particular
source the fixed properties of the geometry of the problem are first
determined and stored. This includes the a priori bounds on the
diffracted fields. These parameters are calculated in the geometry
subroutines GEOM, GEOMC, and GEOMPC.

The MAIN program then loops through the various types of GTD fields
which are identified by integers K and J as shown in Table 1, K=l
corresponds to fields involving plates, K=2 corresponds to cylinder
fields, and K=3 to plate cylinder interaction fields. If only plates
are present only the K=1 subroutines are called, if only a cylinder
is present, only K=2 subroutines are called. If both plates and cyl-
inders are present in the geometry, all three groups of subroutines
(K=1,2,3) are called.

The MAIN program then loops through the various pattern angles
desired. The observation directions are defined in the pattern cut
coordinate system, discussed in Section IlI-E-4. Subroutine PATROT
converts the observation direction to the reference coordinate system
(RCS) discussed in Section III-E-1.

The MAIN program now branches to the section of the code where
the specified GTD field subroutine is to be called. In this area
the code loops through every combination of plates, edges, endcaps,
etc. which apply to the GTD field (based on K and J) being computed.
For example, if the fields reflected by one plate and then diffracted
by another (K=1, J=5) are being computed, this section specifies every
plate-edge combination in the geometry. This operation varies with
the specific term being computed. Details are given in the MAIN program
write up on K-J sections in Chapter IV-A. For each combination of
plates, edges, etc., the MAIN program calls the appropriate field
computation subroutine (1isted in Table 1 according to K and J) to
compute the scattered field.

This above arrangement of DO-loops is illustrated in the following
flow diagram,
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FLOW DIAGRAM

Loop through sources

Compute parameters which are
fixed for a given source
(subroutines GEOM,GEOMC, and GEOMPC)

Loop through GTD field types pertinent
to the geometry present, based on
values of K and J (see Table 1)

Loop through observation directions

Loop through all possible combinations
" of plates, edges, endcaps, etc. which
apply to the field type (based on K
and J) being computed (see section on
K and J in MAIN write up in
Chapter 4)

Call GTD field computation subroutine based
on value of K and J (see Table 1) to
compute scattered field
1. Call ray tracing subroutine
2. Call shadowing subroutine
3. Compute scattered field

Sum field components with those
computed previously for this
pattern angle
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TABLE 1
LIST OF SOME IMPORTANT SUBROUTINES AND THEIR FUNCTION

Plate Field Subroutines K=1
J=1 'INCFLD - direct field
J=2 REFPLA - field reflected from a plate
J=3 RPLRPL - field doubly reflected by plates
J=4 DIFPLT - field diffracted by a plate
J=5 RPLDPL - field reflected by a plate then diffracted by a plate
J=6 DPLRPL - field diffracted by a plate then reflected by a plate

Cylinder Field Subroutines K=2
J=1 SCTCYL - field scattered by a cylinder
J=2 REFCAP - field reflected by an end cap
J=3 ENDIF - field diffracted by an end cap rim

Plate-Cylinder Interaction Field Subroutines K=3

J=I"RPLSCL -"Field reflected by a plate then scattered by a cylinder
? J=2 SCLRPL - field scattered by a cylinder then reflected by a plate
J=3 RCLOPL - field reflected by a cylinder then diffracted by 4 piate
J=4 DPLRCL - field diffracted by a plate then reflected by a cylinder.

Geomatry Subroutines
GEOM - fixed geometry of the plates
GEOMC - fixed geometry of the cylinder
GEGMPC - fixed geometry of the plate-cylinder interactions.

Shadowing Subroutines
PLAINT - shadowing due to plates
CYLINT - shadowing due to the cylinder
CAPINT - shadowing due to the end caps

Ray tracing Subroutine
UDFPTCL - diffraction points on end cap rims
OPTNFW - near field diffraction point on plate edge
DFPTWD - far field diffraction point on plate edge
OFRFPT - diffraction point on plate edge then reflection point
on cylinder

RFOFPT - reflection point on cylinder then diftraction point on
plate edge

RFPTCL - far field reflection point on cylinder

RFOFIN - near field reflection point on cylinder
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The computation loops are nested in this manner, because for
a given source and GTD field, a minimal number of subroutines need
to be present in the computer core and they can stay there for a
longer time than for any other joop configuration,

The field subroutines, whether they deal with reflection or dif-
fraction for a plate or a cylinder, all have the same basic construc-
tion. The field subroutines start by checking the a priori bounds
for the GTD mechanism of interest to see if it can produce a field
propagating in the given observation direction. If it can, the code
proceeds to trace the path back from the observation direction to
the scattering points to the source without regard to the other
structures in the geometry. This is accomplished in the ray tracing
subroutines listed in Table 1. After the ray path is found, the
path is tested to see if it is shadowed by any of the structures
in the geometry. The shadowing subroutines are listed in Table 1.

If the ray path has passed all the above tests the actual field
calculation begins. First the field incident on the scattering point(s)
is computed. The polarization is then converted to the proper ca-
nonical coordinate system for the particular GTD field. These co-
ordinate systems are briefly discussed in section III-E. The use

of the canonical system greatly simplifies the computation of the
fields. Mext, the reflection and/or the diffraction coefficients

are computed for the problem. For example, the diffraction coef-
ficient of the edge is computed in subroutine DN and its associated
subroutines. The incident field is then multiplied by the reflection
and/or diffraction coefficients aiong with the spread factors to
compute the GTD field. The field polarization is then converted

hack to the reference coordinate system and the far field phase
factor is added. This phase factor is the usual one given by

e JKS - ejkY'ﬁ e'ij'
-~ = %

where s is the radial distance out from the scattering point, X is
the location of the scattering point, 0 is the radial vector pointing
in the observation direction, and R is the radial distance out from
the reference coardinate system origin in the far fietd cbservation

direction. This is illystrated in Figure 42, The factor e'Jkaﬂ
fs suppressed at this point of the computations. It is added iatgr
in suhroutine OUTPUT, for display purposes only, if the user specifies
the distance R. The source weight, ¥, is also mot added at this
point in the calculations for coavenience. The field thuréfore has
the forn
¢ e'ij
2§ +f 3 )
W(EBE ) S

where E0 and E° are calcuylated in the Fiald coaputation subroutines,
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Figure 47. [lllustration of the phase factor and polarization
direction relative to the reference coordinate system.

The components £, and E, are returned to the MAIN program where
they are superimposed on the®f ields from other scattering paths of
the same mechanism. The individual fields can be printed out, if
an in-depth analysis of a problem is desired. This is accoaplished
by setting the logicai variable LOUT true in the input set. The
subroutine PRIQUT displays the field appropriately identified by
a code number {see the write up on subroutine PRIOUT).

The code then superimposes the fields for all the GTD terss

as they are computed, weighted by their appropriate source weiguis
and stores them by observation angle in two arrays based on polari-
zation, When all the source, GTD fields, and pattern cut lodps are
finished the total resylt is priated out in various representations
by the subroutine QUTPUT, The fislds can also be plotted in various
forms at this patnt. The code then loops back to the input section
to accept 3 variation in the present geomsetry or a whole new probles.
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B. Subrout ine_and Common Block inkage

In addition to the subroutines that have been classified in
Table 1, there are many important subroutines that provide necessary
services to other subroutines and to the code in general. The Vinkage
of these is quite complicated because of the interdependence of many
of the subroutines. A list of all the subroutines and the subroutines
in which they are used is given in Table 2.

The majority of the data information transferred in the code
is done by named common blocks. This method provides the most ef-
ficient and direct scheme for the large amounts of information present
through the intertwined subroutines of the code. A list of all the
COMMON BLOCKS and the subroutines which use them is given in Table
3.
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BLOCK DATA
BLOGIY
8TANZ

CAPINT
CYLINT

OFPTCL
OFPTWD
DFRFPT
Ut
DIFPLT
cel
OPLRCL
DPLRPL
OPTNFW
03G3?
oW

DZ
£NDpTF
FCT
FFCT
FKARG
FRY
FRNELS
FUNT
GEOM
GEGVE
GEIMPL
IVAGE
acnir
IMOIR
{NCFLD
RANDB

ouTPyT
VATROT
PECY

PLAINT

20LTRT
PRIQUT
QFUN
RADCY
RCLOPL
RCLPPL
REFAP

REFCAP
REFCYL
REFPLA
RFOF IN
RFDFPT
RFPTCL
ROTRAN

RPLOPL i

ROLACL
RPLRPL
apLscL
SCLAP!
SETryL
OURTE

SOURCP
TANG

TABLE 2

L INKAGE BETWEEN SUBROUT(NES

SUBROUTINES IN WHICH IT Ié USEd

Not applicable
MAIN,DFPTCL ,D1,0UTPUT, POLYRT PRIDUY

" Not applicable

OuTPUT

MAIN,CAPINT,CYLINT ,DIFPLT,DPLRCL ,DPLRPL ENDIF,
GEOM,GEOMPC,0UTPUT ,PATROT ,PLAINT ,PRIOUT ,RCLDPL,
RCLRPL REFEP REFCVL RFDFIN RFDFPT ,AFPTCL ,RPLOPL,
RPLRCL ,RPLSCL, SCLRPL,SCT’YL SOURCE , TANG
CYLINT,GEOMC, REFCAP

OIFPLT, DPLRCL DPLRPL,GEOM, INCFLD,RCLDPL RCLRAL,
REFPLA,RPLDPL ,RPLRPL, SCLRPL

ENDIF

OIFPLT,OPLRPL ,RPLOPL

OPLACL

DiFPLT,DPLRPL ,OW,RPLOPL

VAN

Cd

HMAIN

MAIN

GEQOMPC

FKARG,RPLSCL, S»;RPL,SCT;YL

DIFPLT, DPLRCL DPLAPL ,RCLDPL,RPLNPL

ENDIF ‘

MATN

RPLSCL, SCLAPL,SCTCYL

OI,0IFPLT,DPLRP. ,RPLOPL

gPLSCL L, SCLRPL, SCTOYL

DI.OPL,FFCT,FXY, RPSCL, SCLRPL, SCTCYL
rKARG
MATN
MAIN
MAIN
DPLRPL ,GECM,RCLRPL, SCLRAL
GEOMC
GEQM, RPLRPL
MAIN
OPLRCL,EHND!E ,RCLDPL RZLAPL,REFCYL ,RPLRCL ,RPLSCL,
SCLAPL, SCTLYL
MATN
MAN
APLSCL, SCLAPL,SCTTYL .
DIFPLT.DPLACL.DPLAPL  ENDIF ,GZGH, S HCF LD RCLDPL
RCLRPL ,REFCAP REFCYL REFPLA,RPLDFL ,RPLRCL,
QPLRPL ,2PLSCL , SCLRPL, SCTEYL
DFPTCL . AFOF i
VAN
"BLSCL, SCLAPL,SCTCYL
PLSCL,SCLAPL  SCTCYL
AL
SCLRPL
OPLAPL ACLRPL,REFPLA, RPLZPLRPLRZL RPLAPL,APLSCL,
SCLapL
ALY
SCTCYL
MAIN
GEOMPC
ACLDPL
RCLAPL ,REFCYY RPLAC.
vAIN ]
YAIN
RPLSCL
MAN
MALH
MALR
MAIN
DIFPLT,DALRCL DPLRPL ENDIF, INCFLD,RCLOPL ,RCLRPL,
REFCAP REFCYL ,REFPLA, RPLO?L QPLACL ,RPLRPL,
RPLSCL ,SCLRPL  SCTCYL
1FPLT.OPLYPL \RPLOPL
CYLINT,GEGYC , AE0MPC



TABLE 3

LINKAGE BETWEEN COMMON BLOCKS AND SUBROUTINES

COMMON BLOCK
BRDOCC

8NOFCL
8NoIcCL
BNORCL
BROSCL

BRNPHW
CLORC
CLROC
CLRFC
CLRF!
CLOFS
comp

ore

DOUSLE
EDMAG
ESTCR
FARP
FEDDAT
FHANG
FuoG
FLOG]
FUDGJ
GEJIMEL

GEOPLA

GROUND
GTD

HITPLY
IMAINF

IMCINF
Locay

LOGDIF
Lp.CY

LSHOP

LSHDT

TP id
PATDAT
PIS

ROTROT
SORINF

SOURSF
SRFACE
SURFAC
TEST

THPRUY

TOPD

SUBROUTINES IN WHICH [T IS USED
» L L‘

DIFPLY,DPLRCL ,OPLRPL ,GEOM, GEOMPC

GEOMPC, RFPTCL RPLRCL ,RPLSCL

GEQMPC ,RCLOPL ,RFOI'PT

CYLINT,GEOMC,GEOMPC ,RCLRPL ,REFCYL, RFPTCL.

SCLRPL, SCTCYL

OFRFPT,GEDMPC,RFDFPT

MAIN,OPLRCL

MAIN,RCLOPL

MAIN,REFCYL

. MAIN,RPLRCL

MAIN,RCLRPL
MAIN,BLOCK DATA,ENDIF,INCFLD,RPLSCL,
SCLRPL,SCTCYL
MAIN,DFPTCL,DFRFPT,DIFPLT,DPLCRL ,0PLRPL ,ENDIF,
INCFLD,RCLDPL ,RCLRPL ,REFCAP ,REFCYL ,REFPLA,RFDFPT,
RPLOPL,RPLRCL, RPLRPL RPLSCL, SCLRPL SCTCYL
MAIN,DIFPLT
DIFP'T OPLRPL, GEOM GEOMPC, RPLD’L

VAIN

MAIN,GEOM,GEOMC,GEGMPC, IMCOIR, IMDIR, SOURCE, SOURCP
SOURCE
MAIN,GEOM, GEONPC
REFCYL,SCTCYL
RPLRCL,RPLSCL

ACLRPL,SCLRPL
MAIN,CAPINT,CYLINT,OFPTCL,DFRFPT,DPLRCL,ENDIF,
FKARG.FUN!.GEOMC.GEOMPC.JAhSB,RADCV.RCLDPL,
RCLRPL ,REFCAP ,REFCYL ,RFCF IN,RFDFPT,PFPTCL,
RPLRCL,RPLSCL, SCLRPL , SCTCYL , TANG
MAIN,DFPTWC,DFRFPT,DIFPLT,DPLRCL ,OPLRPL,DPTNFW,
GEOM,GEOMPC, IMAGE, I¥DIR,PLAINT ,RCLDOPL,RCLRPL,
REFBP,REFPLA, RFDFPT.?FPTCL.RPLUPL RPLRC~.
RPLRPL SCLRPL
MAIN,GECM,PLAINT RFPTCL
MAIN,FCT, QAOCV RPLSCL,SCLRPL, SCTCYL

DIFPLT GEQOM,PLAINT
MAIN, GEGW GECMPC R‘FPLA,RFPTCL,RPLDPL.RPLRCL.
RPLRPL,RPLSCL
GEOMC ,GEOMPC ,REFCAP
MAIN,GEOMPC
MAIN,DIFPLT,DPLRPL,RPLDPL
MAIN,CYLINT,GEOMC,GEQMPC ,PLAINT
GEOM.GECMAC,PLAINT
MAIN,GEOM,GEOMPC
MAIN,OQUTPUT
VAIN,PATROT
MALN,BLOCK DATA,BTAN2,CYLINT,DFPTCL,DFR7PT,
DI,DIFPLT,CPI,OPLRCL,DPLRPL,DZ ENDIF,FCT, FFCT,
FXARG,FKY ,FRNELS,GEOM,GEOMC,GEOMPC, INCFLD,
QUTPUT ,PATROT ,PFUN,PLAINT,PRIOUT,QFUN,RCLOPL,
RCLRPL ,REFBP ,REFCAP,REFCYL ,REFPLA,RFOF2T RFPTCL,
RPLOPL ,RPLRCL ,RPLRPL ,RPLSCL,SCLRPL, CTCYL.SOURCE.
SOURCP, TANG
MAIN, ROTnAN
MAIN,DFPTCL,DFRFPT,01FPLT,DPLRCL, DPLRPL ENDIF,
GEOM.GEO“C GEOMPC INCFLD R»LDPL RCLRPL REFCAP
REFCYL.REFPLA.RFDFIN.RFDFPT.RFPTCL.RPLDPL.
RPLRCL ,RPLRPL ,RPLSCL, SCLRPL,SCTCYL
MAIN,GEOM,GEOMC ,GEOMPC, SOURCE, SOURCP
MAIN, GEOMC GEOQMPC
MAIN, DIFPLT DPLRPL ,GEOM, GECMPC ,RPLDPL
MAIN, CAPINT, CYLIHT OI,D1FPLT,DPI,OPLRCL,DPLRPL,
EHDIF.FRHELS.GEOM.GEOHC.GEOMPC.PATROT.PLA!NT.
RCLOPL ,ACLRPL ,REFCAP ,REFCYL ,REFPLA,ROTRAN,
RPLDPL ,RPLRCL ,RPLRPL ,RPLSCL, SCLRPL,SCTCYL
MAIN, OIFPLT,DPLRCL,DPLRPL ,ENDIF,INCFLD,RCLOPL, "

-RC'RPL REFCVL RP!DPL RPLRCL SCLRPL

BLOCK DAYA DI1,0P1
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C. Overlay'Techniques

The Basic Scattering Code is a relatively large size computer
code. Even though there are no big arrays, the large amount of
coding requires a fairly significant amount of core in which to run,
On an Amdahl computer, the code reguires over 250 K bytes of core.
The code has been designed, however, with overlay techniques in mind.
Overlaying of the code can be accomplished by using the built in
overlay techniques of a computer system, or by breaking the code
up into -smal¥er independent pieces that can be run separately with
the results being superimposed later.

The code can be quite easily decomposed intc three pieces. The
three sections are composed of the subroutines necessary for plate
fields, cylinder fields, and plate-cylinder interaction fields.

The subroutines required to compute the plate fields are given in
Table 4. If only plates are present in the geometry, the subroutines
that are starred would not be necessary. The starred subroutines
provide the shadowing algorithms for the cylinder. The subroutines
required to compute the cylinder fields are given in Table 5. Simi-
larly, the starred subroutines are necessary only if piate shadowing
is desired. The subroutines requirad to compute the plate-cylinder
interaction fields are given in Table 6. It is possible that for

a particular problem or a particular computer system other technigues
of separating the program would be more practical. The linkage
information in Tables 2 and 3 should provide helpful information

to accomplish such a task.
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BABS
BLOCK DATA

. BLOG1O

BTANZ2
CAP INT*
CYL INT®
DFPTWD
DI
DIFPLT
DPI
DPLRPL
DW

cFCT
FRNELS
GEOM
GEQMC*

*Non-essential unless a cylinder is present in ithe geometry.

BABS
BLOCK DATA
BLOG1O
BTAN2
CAPINT
CYLINT
OFPTCL
00G32
0z
ENDTF
FCT
FKARG
FKY
FRNELS
FUNI
GEOM*
GEQOMC
{MAGE*
IMCDIR

*Non-essential unless plates are present in the geometry,

TABLE 4

SUBROUTINES USED IN PLATE COMPUTATIONS

TABLE 5
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IMAGE
IMCDIR*
IMDIR
INCFLD
OUTPUT
PATROT
PLAINT
PRICUT
REFBP
REFPLA
ROTRAN
RPLDPL
RPLRPL
SOURCE
SOURCP
TANG*

SUBRGITINES USED IN CYLINDER COMPUTATIONS

IMDIR*
INCFLD
NANDB
OUTPUT
PATROT
PFUN
PLAINT*
POLYRT
PRIOUT
QFUN
RADCV
REFCAP
REFCYL
RFPTCL
ROTRAN
SCTCYL
SOURCE
TANG
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TABLE 6
SUBROUTINES USED IN PLATE-CYLINDER INTERACTION COMPUTATIONS

BABS NANDB
BLOCK DATA ouTPYUT
BLOG10 PATROT
BTAN2 PFUN
CAPINT PLAINT
CYLINT POLYRT
DFRFPT PRIOUT
I QFUN
DPLRCL RADCY
DPTNFW RCLDPL
00632 RCLRPL
DW REFBP
FCT RFDFIN
FKARG RFDFPT
FRNELS RFPTCL
FUNI ROTRAN
GEOM RPLRCL
GEOMC RPLSCL
GEQMPC SCLRPL
IMAGE SOURCE

: IMCT IR TANG
IMDIR

{
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D. Dimensions for Ssurces, Plates, and Edges L

The maximum number of sources, plates, and edges that the Basic
Scattering Code can accept is not limited by the theory. Ary number }
of sources, plates, and edges can be used if the storage capacity
of certain variables are set correctly in the DIMENSION statements
and COMMON statements of the MAIN program and subroutines.

In order tec change the maximum number of sources the code can
accept, the dimension of the following variablfes in the MAIN program
must be changed:

v

IMS(M ), XSS(M(,3), VXSS(3,3,M), WM(M), WP(M.), HS(M(), HAWS(M),

i
:

THOZ(MS), PHOZ(MS), THOX(MS), PHOX(MS),
where M_ is equal to the maximum number of sources to be used. The %
variab18 NSDX should also be set equal to the integer M, in the text N
of the code. «
In order to change the number of plates and edges the code can 3

accept, the dimensions of the following variables must be changed in

the indicated subroutines' DIMENSION statements and in the COMMON state-

ments. The location of all the commons can be found in Table 3. In

MAIN, the dimensions of the variable XX(M _,M_,3) should be changed,

where M_ is equal to the maximum number of p?ates to be used and Me

is the Raximum number of edges allowed on each plate. The value

of the variable MPDX should be set equal to M_ and the variable

MEDX should be set equal to M_ in the text. Pn subroutine GEOM,

the dimension of the variableeIHIT(M )} should be changed, In sub-

routine RFPTCL the following dimensins should be changed: ?
IVD(M_ ), PHOR(M

}s VRO(M_ ), PHORP(Mpp)

pp pp
where M= 2Mp+1.

PP

PP

In subroutine GEOMPC, the dimensions of the logical variable LCD(M_,
M_) should be changed. In the subroutines RFDFPT and DFRFPT the df-
ménsions of the following variebles should be changed:

IVD(M ’Me)’ PHOR(M_,M_), THOR(M

pMe p’Me)’ VRO(M

P

PHORP (M, )

The variables in the following common blocks should be changed:

poMlg)s UROCH M),




S BNODCL: ~ VOC(M M), UDC(2), PDCR(M

pMes2)
] TOCR(M,M,,2), DTOC(H M),
3 | BTOC(M, .My, 4), DOC(M,M,,2)
lé | ..? 3 BNDFCL:  BD(M),M,,2)
RN j BNDICL:  OTI(M,), VTI(M,2), BTI(M,,4)
. BNORCL:  VCD(M),M,), UCD(M .M.}, BCD(M ,M,,2)
. ! BRNPHW:  PHWR(M M)
--;;;% i' CLORC:  LDRC(M_,M,)
i CLROC:  LRDC(M_,M,)
CLRFI:  LRFI(M)
CLRFS:  LRFS(M)
DOUBLE:  10D(361), ID(M,M,), 11
: EDMAG:  VMAG(M M)
R ﬁ | FNANG:  FNP(M M)
] GEOPLA:  X(M),M.,3), V(M ,M,,3),
\ VP(m;,Mgi3), UN(M,3),
N MEP (M), MPX
o IMAINF:  XI(M .M ,3), VXI(3,3,M))

LDCBY: LDC(Mp,Me)

LSHOP: LSTS,LSTD(Mp)

LSHDT: LSHD(Mp) s LIHD(Mp,Hp)
SURFAC:  LSURF (Mp)




E. Coordinate Systems

In order to simplify the variety of geometrical calculations per-
formed in the code, a number of different coordinate systems are used.
Each system allows a certain set of computations to be performed with
maximum ease. Each of these systems are defined in terms of the ref-
erence coordinate system (RCS).

1. Reference coordinate system

The reference coordinate system (RCS) is the fundamental system
of the code. The system geometry is defined and stored in the RCS.
Many of the calculations carried out are done in the RCS. It is there-
fore also referred to as the "computational coordinate system". Each
of the other coordinate systems is defined in terms of the RCS (using
RCS coordinates or unit vectors).

This ceordinate system is the fixed system that the user defines
the input geometry with respect to. However, if a cylinder is defined
using the RT: command, a new reference coordinate system is established,
before the computations begin. The z-axis of the new system coincides
with the cylinder axis, the x-axis with the "A" dimension of the cylinder,
and the y-axis with the "B" dimension of the cylinder. A1l the other
input geometries are rotated and/or translated to this new RCS or “cy-
linder coordinate system" using subroutine ROTRAN. This is done to sim-
plify the computation of the cylinder and plate-cylinder interaction
fields. This transformation is not visible to the user in terms of
the input or output parameters. The term “"reference coordinate system"
is, therefore, used for both the original system or the new system with-
out distinguishing between them,

2. Definition coordinate system

Normally, the system geometry is defined by the user in the ref-
erence coordinate system. However, the user may choose to perform a
coordinate system transformation (using the RT: command) in order to
define part of the geometry in some preferred coordinate system. In
using the RT: command, the user creates a "definition coordinate system"
to which the data which follows the command will pertain. The user
defines the definition coordinate system by specifying the origin lo-
cation and direction of the x, and z, axes unit vectors. The origin
of the definition system is ddfined 9t point TR = & TR(1)+y TR(2)+2 TR(3)
in x,y,z RCS coordinates. The X, unit vector of the definition system
is defined by theta and phi anglgs THXP and PHXP as if it were a radial
vector. The z, unit vector is likewise defined by theta and phi angles
THZP and PHZP qn the RCS. The quantities TR, THXP, PHXP,THZP, and PHZP
are all specified by the user. Note that all geometry defined in a
definition coordinate system is immediately transformed into RCS notation
using the method outlined in "transformation between systems” of this
manual,
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it the user defines the cylinder in a definition coordinate system
(other than the RCS), the location of the system origin is stored along
with the unit vectors of the definition system axes. The main program
will later perform a transformation on the entire system geometry so
that a new RCS is created where the z-axis of the new system coincides
with cylinder axis. This new RCS is used for computational purposes.

3. Edge-fixed coordinate system

The code generates an edge-fixed coordinate system for each edge
on every plate. The three (rectangular) coordinate system axes for
each edge are positioned as follows:

1. in the plate plane and normal to the edge (the edge binormal)

2. normal to the plate

3. along the plate edge.

The unit vectors of the edge-fixed coordinate system axes are def ined
(using RCS unit vectors X, ¥, ) as;

VP = edge binormal = & VP(MP,ME,1) + § VP(MP,ME,2) + % VP(MP,ME,3)
UN = plate normal = & VN(MP,1) + § UN(MP,2) + 2 VN(MP,3)
0 = edge unit vector = X V(MP,ME,1) + § V(MP,ME,2) + Z V(MP,ME,3).

Varables MP and ME specify which plate and which edge the unit vectors
apply to.

The most significant use of the edge-fixed system is determining
edge diffraction geometry. Incident and diffracted ray propagation
angles along with polarization components are calculated by taking dot
and cross products of edge-fixed unit vectors and ray propagation and
polarization unit vectors. Edge-fixed unit vectors are also used in
calculating geometry for intersecting plates, as well as checking to
see if plates are flat,

The edge-fixed vectors are calculated in Section 2 of subroutine
GEOM. Further details are given in this section.

4. Pattern cut coordinate system

The pattern cut coordinate system determines the axes about which
the conical (theta fixed) or “orange-slice® (phi fixed) pattern cut
is to be measured. Is is also the coordinate system in which the code
output is given,
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The user defines the pattern cut coordinate system by spe«i-
fying the theta and phi angles which define the x_ and z_ axes of
the system in the RCS (THCX,PHCX,THCZ,PHCZ, respeetivelyy. T2 user
then specifies the type of cut to be made (6_ or ¢_ cut) and the
range and increment of angles {in PD: sectiof of MRIN).

The pattern cut system axes are stored in a 3x3 matrix of compo-
nents which define the axes unit vectors in RCS components (see “Trans-
formation between systems"). This matrix is used in the MAIN progyram
in converting specific pattern angles from pattern cut ceoardinate system
notation to the reference coordinate system (subroutine FATROT,, ‘flote
that the pattern cut coordinate system is subject to the mass geometry
transformation that is performed in the MAIN program if the user defiqfs
a cylinder in a coordinate system other than the RCS {.sing the RT:
command). This transformation, however is not visible to the user.
Note also that definition of the pattern cut coordinste system is
done 1ngependentjx of any RT: commands. The user always defines
it in the RCS.

5. Reflection plate coordinate system

The reflection plate coordinate system is used to handle reflection
from plates when image theory is not used {in subroutines DPLRPL, RCLRPL,
and SCLRPL). Only two of the three rectangular axes unit vectors are
used:

f
VN

H

plate normal (calculated in subroutine GEOM)

v

vector tangent to plate and rormal to incident (and reflected)
ray propagation direction.

The unit vectors are used to convert polarization to asd from reflection
plate coordinate system {paraliel and normal to plate).

6. Source coordinate systea

The source coordinate syster is the sysiem in which the source
is defined. There is one such system for each source, although only
one appears in the computations at a given time. Each time another
source is used the source coordinate system is redefined.

For a one-dimensional source, the dipole lies along the 2z axis,
[f an aperture sourie is used, the source lies in the x_-2 plgne, cen-
tered about the oricin. In both cases the source curreRt Plows in the
2 direction.
p

Note that in this code the source coordinate system is designated
with the subscript “p“. The system may also be referred to as the “primed"
or “antenna* coordinate system,
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The source coordinate system is defined by the user in the input
part of the main program. It is redefined later in the main
progran within the source loop. The origin about which the source
is centered, is located at XS=x XS(1) + y XS(2) + z XS(3) in RCS
components. The unit vectors of the system axes are defined by a
3x3 matrix VXS(NI,NJ) of components. (See section on coordinate
transformations). More specific definitions and illustrations are
given in the section for subroutine SOURCE in the code manual.

7. Source image coordinate system

In many cases the code uses image theory in computing fields re-
flected from a plate. This involves computing an image source from
which the reflected rays will appear to originate (see section on Sub-
routine REFPLA). Assuming the source dimensions are known, the image
source (or “source image") may be determined by computing the source
image location (subroutine IMAGE) and the source image orientation (sub-
routine IMDIR). As the source location and orientation are specified
using a source coordinate system, the “source image coordinate system"
is used to define the image source. The location of the source image
(XIS = X XIS(1) + y XIS(Z? + 2 XIS(3)) is the origin of the source image
coordinate system and the axes are defined by unit vectors in the same
manner as the source coordinate system.

8. Transformation between systems

The majority of transformations performed in the code involve sit-
uations where it is necessary to transform a vector from one coordinate
system to another., This involves rotation of coordinate systems without
translation. Transformation of vector V in RCS components to V' in
some other coordinate system is performed as follows:

el ' %12 sl [ ]

' 1a

Y21 %22 %23 |y

<

X3) X32 X33 1Y,

where V= XV + 3V s 2V is the vector defined in the reference
coordinate syStem and V' = & v' « y v ¢ 3 V! is the vector defined
in the second coordinat systeé. Invgrse trinsformations are done by
multiplying the vector V' by the transpose of the rotation matrix as
follows:

V2
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Yy [ X1y %31 %5 1] Vs
Yol 2 122 %2 % | Yy
v, X13 %23 X33 LV, .

The unit vectors of the second coordinate system are defined in the
reference coordinate system as follows:

»

X=X Kty Kyt 2Ky

»D
™~y

YEEx Xy +y Xop + 2 Rgy

X33 .

x>
~

2 -

X3p +y X3+

The matrix used to transform (rotate) the vector is generally raferred
to as “x,y,z components defining the (name of system) coordinate system
axes unit vectors in RCS components“. The individual matrix elements
are determined as follows:

Xon = ié . in (i.e., X532 X' #2, etc).
When transforming a point, it is necessary to perform a translation

as well as a rotation of coordinate systems (if the origins of the sys-

tems are different). To handle these situations, the code translates

the point before rotating. TYransformation of point P =X P + ¥ P +

2 P_ in the reference coordinate system to point F' = % P! ¥ y P! \ ¢

3 Pi in another coordinate system is done as follows: J

{Pi 1 %12 %13 [px - Xox
i Pol (% %2 a3 l Py = Koy
P X3 X3 X33) 1P - Xgd o
where X = x X__ +y X 2 X, is the Jocation of the origin of the
second foordindte systgﬁ in th¥%reference coordinate system and X,,,

X,,, etc. are as defined previously. The reverse transformaiton 3§ .
Pforwed as follows: !

| . P
{px ox %‘11 Xn ¥l 1%

»<

P oy |t g‘iz X232 x32J Py
lpz lxoz I Xy Koy Xg3d P 3

- . e ——~ e e . R
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CHAPTER TV
CODE DESCRIPTION

This section is divided into two sections, the first of which

describes

the operation of the MAIN program in detail. The second de-

scribes the subroutine and function operations. For each subroutine the

following

.

SO W N -

is given (as appropriate):

a statement of purpose

an illuctration showing the geometry
a brief narrative of the method used
a flow diagram

a dictionary of major variables

a listing of the code.

The comnent statements in the code listings follow the statements of the
flow diagrams, simplifying correlation of the two.




HALN

PURPOSE

The main program reads the system geometry given by the user and
directs the calculation of the scattered fields.

The main program is broken down into threc parte as follows:

1. Data input section
2. Input conversion sectivn
3. Main computation section.

tach of these sections is outiined on the following pages.
1. Data Input Section

The data input section reads an input file that contains che datz
specifyine the gecmetry of the problem to be considered and prepares
it for use by the code. The data input section is described in the
User's Manual [8]. The commands avaijable and the general flow of the
input section is given in detail there, and wiil therefore not be re-
peated here.
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THIS PRCGRAM WAS WRITTEM AT THE OHIO STATE UNIVERSITY
ELECTHOSCIENCE LABORATORY. AMY PROBLEMS OR COMMENTS
CAN BE REFERRED TO#

WALTER D. SURNSIDE (OR) RONALD J. MARHEFKA
ELECTROLCIENCE LABORATORY :
1320 KIMIEAR BD.
COLUMBUS, OHIO 43212

PHONE: (€14) 422-5747 (CR) 422~ 575?

THIS PRGCRAY COMDUTES THE FAR FIELD PATTERN OF AN ANTENNA
CR SET CF AMTEMNAS IN THE PRESENCE: OF A SET OF PLATES
ANDZOR 1Y THE PRESEMCE OF AN ELLIPTIC CYLINDER.

THE PLATES ARE DEFINED BY THEIR CORMER LOCATIONS.

AS DUMAENSTOMED, IT CAN HANDLE 14 PLATES WITH A MAXIMUM

OF & COKMNEKS PER PLATE, AND 5@ ANTENNA ELEMENTS CAN

GE IMPUT. THE CYLINDER 1S DEFIMED! BY ITS RADIUS

ON ITS MAJCR AND MIMOR AXIS AND THE END CAPS ARE -
DEFINED BY THEIR POSITIOM ON THE CYLINDER AXIS AMD

THE ANGLE COF THEIK SURFACES WITH THE CYLINDER AXIS IN

THE X-=2 CYL. PLANE. NOTE THAT TKHE LIFITS ON THE MNUMBER
OF PLATES, CCRNERS, AND SOURCES ARE.ONLY DUE TO THE SIZE
OF THE ARHAYS. THE LINEAR DIMENSIOMS ARE INPUT IN METERS
UNLESS SPECIFIED. THE ANGULAR DIMENSIONS ARE IN DEGREES.

!
NUTE THAT COMMENTS ARE GIVEN [N TWO FORMSE
‘Cirt IMPLIES EXPLANATION OF PRCGRAM SECTION
IN TERMS OF T.ZORY
C$ss [MPLIZES DESCR:PTION OF I&PUT DATA
C-—- IMPLIES COMMAND INPUT READ SECTION

THIS VERSIG! #AS WRITTEN 8/2/79 |

i

CONPLEX EITH,EIPH,ERTH,ERPH,ERPCT,ERPCP,ESTH,ESPH

COMPLEX ERPST,EdRPSP,ERPTY,ERPPH, ERRPT,EKRPP,ERCPT,ERCPP

COMPLEX CJ,CPI4, V] ETIH,EPH,ETHT(361) ,EPHT(361)

COMPLEX EDCTH,ERCPH, EDPTH,EDPPH, ERPDT, ERPDP, ENCRPT ,EDCRPP

COMPLEX ENDKPT,ENLPP,ERNTH, ERNDPV,EDRCT, EDRCP,ERCAT,ERCAP

COMPLEX EDPCTH,ENPCPH,ERPDCT ,ERPDCP,ENNDTH, EDDPH, ERSPT, ERSPP

DIMEMSILM IME(50),XSS5(50,3),VXS55(3,3,50) ,4W¥(50), WP (59)

DIMEHSICN HS(SM).HAHS(SQ) THNZ (50), PHNZ (5M) , THOX(S5@) ,PHOX(52)

DIMEMNSICGH XX(14,6,3) XCO(3) XXCO(3) Xo0td), XXX(J)

DIMENSION XPD(B),YPD(B) ZPD(3) !

DIMENSICN JHN(3) ,JMX(3)

DIMEHSICNM LABEL(2,3),UNIT(3), IR(?4) IT(14),1TTUIL

DIMENSTGH XOR(J).AR(J) XPe3),YP(3), ZP(3) XQ(B) XPP(3)

LOGICAL LSOH.LOUT.LSRFC.LSURF.LSHD;LCYL.LPLA.LNROT

LOGICAL LIHD,LDEBUG, LTEST,LSLOPE,LCORNR,LDC

LOGICAL LWRITE,LPLT,LGRND,LAMP ,LPRAD,LRANG,LCNPAT

LOGICAL LKRFC,LRFI,LRFS,LDRC,LRDC

CO%MON/DUJBLE/IDD(36I) ID(I4 63,11

CONMONZEARP/ IM (H HAW ;

COWM“N/‘OURSF/FACTOR ;

COMUN/TEST/LIEBUG, LTEST |

COMMUN/LOGDIF/LSLOPE ,LCORNR ;

COMMONZSORINF/XS(3),VXS(3,3) §

COMMON/ZIMAINE/XI(14,14,3), VXI(3.-.|4)

consou/PIS/PL, TP, DPR, rPD’

(U.NUN/DKR/D(J) THSR PHSR,SPS CPsS, STHS CTHS
'UH/L(MP/CJ~PP14

LU ACH/ZTHPHUV/ZDT(3),DP(2)

uUmqu/SUNFAC/LSURF(I4)
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crit

cr!
crut

bRV

2101
e

COMON/ SIF ACCZLSREC(2)

COMONZLSHDTZLSHDC14) LIHD(14,14)

COMMOM/LDCHYZLDC (14, 6)

LGHMONZENANGZENR (14, 6)

CONMONZGEOPL A/ X(14,6,3),V(14,6,3)
DG MIPCE) JMPX

JVP(14,6,3) ,YNC14,3)

CORBOUZGEOMEL/ A B, ZC(2) (SNC(2) ,CNC(2),CTC(?)

COMMOUZGTDZAS L ING,SAS, SASH ,CAS
COMMON/ESTOR/ETHT ,,EPHT
COMMON/LPLCY/ZLPLA,LCYL
COMMON/GROUND/LGRND, MPXR

COMMON/CUTPTD/LPRAD,LRANG, PRAD ,RANG, WL

COMON/PATDAT/XPC(3) ,YPC(3),ZPC(3

)

COMsON/ROTRDT/XCL(3),YCL(3),2CL()

COMMON/CLRFC/LREC
COMSON/CLREL/ZLRFI(14)
COMMON/CLRFE/ZLRFES(14)
COMMUN/CLDRC/LDRC(14,6)
COMPON/ZCLRNDC/ZIRDC( 14,6)

DATA UNIT/Z1.,.30148,0.0254/

DATA LABEL//MET’ ,”ERS’,/FEE’,’T

DATA IT/ITO:I.ing" IPG;I'ISG' I'ILP' "IPP""GP’ I' IXO] I' IpTl ’

2,7CG3” ,7AM17 YRGE” ,#CM1” ,»CEs*/
DATA ITT/UN+” ,2FR1Z 2 NX37 2 Bse
2,7US17/

MAX. DIMENSIGH OF SOURCES,PLATES,
WSDX=50

MPUX=14

MEDX =0

NOTEs [N _JUPR. RFPTCL THE VARIABLES IVD.bHOQ.PHORP.AND VRO

’,71INC? ,#HES?/

sNP3s ,#NCt4 #NG2s #MTE” 2 DREY

AND EDGES.

- MUET BE DIMENSIONED 2%MPDX+i

GO TO 270!
ConLTINUE
SHITRO6,3040)
WEITE(u, 2veh )
conTLilE

INTTIALIZE DfTA TO DEFAULT VALUES.

LDEBUG=.FALSE.
LTEST=.FALSE.
L.OUT=,.FALSE.
LSLOPE=,TAUE.
LCORNH=,TRUE.,
LSOR=,FALSE.
LCYL=.FALSE.
LPLLA=.FALSE.
LOKND=.FALSE
Lkl TE=.1RUE,
LPLT=.FALSE.
LALP=.FALSE.
LPHAD=.FALSE.
LRANG=.FALSE.
RANG=1,

PRAD =4,
JrC)=1
JUXCL) =T
JMM(2) =)
JUX(2)1=3
JUMR(3)=1
JUX{(3)=4
LCNPAT= . TRUE.
TPPD=¢d,

THCZ =0,
PHCZ=v),

THCX =00,
AHCX=d.
POCI=1,
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131
ts2

134
i35
[y
137
133
oy
la¢
el
147
143
14
1as
140
147

lay
I5e

J3530305330
CT 00 bt

XPD{(2)=u,
XPD(3)=¢.
YPD( 1) =¢,
YPG(2)=1,
YPD(3)=¢.
ZPDC 1) =0,
ZPD(2)=0.
ZPD(3)=1.
IB=¢
[E=300
[s=1
FROG=.2647925

#ot oo
_— " .

— - —

XX{1,4,2)==1.
XX (1,4,3)=0.
“S A=

XSS, 1=,
55(1,21=0.
XSs(1,3)=1,
[MS(1)=¢
HS{(11=¢1,5
HARS (1) =@,
THOZ(1)=0.
PHOZ(1)=0.
THOL(1)=44,
PHOX( 1) =v.
VXSS(1,t,1)=1,
VXSS(1,2,1)=0,
VXS53(1,5,1)=0.
VXSS(2,1,1)=¢.
VXSS5(2,2,1)=1,
VXS8(2,3,1)=0.
VXS5S5(3,1,1)=0),
VA3S(3,2,1)=0.
VASS(3,3,1)=1.
WMi)=1.

W (1 )=y,
KADIS=3.
IPLT=3

THZP=U.
PHZP=V.

THAP =),
PHXP=y.
TR(1)=4.
TR(2)=0.
TR(3)=0.
XP(t)=t.
XpP(2)=0.
AP{3)=0,

YP(I }=0,
YP(2i=1l.
YRP(3)=0.
ZP(1)=0,
2P(2)=0),
Zr{(3)=1l.
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229
220
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224
22y
23V
251
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235
258
23y
240
241
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24y
25
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Setid
Suilo
RTAL
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Sl

S692

B3

crt

cret
Cei

croe’

cro
ce
cr

AA= 1,
BB=1.

ZCN=~3.

THIN=v0,

Zep=3,

THTP=VY.

XXCO(1)=0,

XXCO(2)=0.

XXCC(3)=4.

XCL()=1,

XCL(2) =0,

XCL(3)=¢, 5
YCL(1)=v. :
YCL(2)=], :
YCL(3)=0.

ZCLC1) =0,

ZCL(2)=0,

ZCL(3)=1, :
IUNIT=| :
UNITS=UNITC(IUNIT)

IUNST=¢

[UNSP=]UNST

GO 10 2%yy

CONTINUE

ARITE(6,3006)

FORMATCIX, 1H*, 76X, 1H*)

WRITE(0,3006)

WRITE(6,3005)

FORMATC1X, 26 (3H*wx))

READ IN VARICUS COMMAND OPTIONS.,
HEADR(S,3001,END=3234)([R(]),I=1,24)
FORMAT(24A3) :
FRITE(S,3802)

FORMAT(IH //7/777,1%,26(3H%#%))
ARITE(S, 3006)
WRITE(6,3003)CIR(T), I=1,24)
FORMAT(1X, TH* ,2X ,24A3,2X, | H*)
IFC(IRCI)LEQ.IT(I3))IGO TO 3090
IFCIAIA.EQ.IT(14))G0 TO 3200
WRITE(0,3606)

WRITE(6,31200) v
CHECK AGAiNST STORED OPTIONS :

i
CMt COMMENT CARD : . !

CEs.LAS1 CORMENT CARD 3
TOSPTEST DATA GENERATION OPTION.

UNs UMITS OF INPUT

USt ULITS OF HS AND HAWS IN SG1i

FHt FREQUENCY k
FDt FATTERMN DATA DESIRED {
PGt PLATE GEOMETRY INPUT :
SGt SOURCE GEOMETRY INPUT !
Al NEC OR AMP INPUT ;
PRt POWER RADIATED INPUT i
LPt LINE PRINTER LISTING OF RESULTS |
PPt PEM PLOT OF RESULTS | ;
GPt [HCLUNE INFINITE GROUND PLANE 5
X011 EXECUTE PROGHAM 1

RT3 TRANSLATE AND/OR ROTATE COORDINATES

CGt CYLINDER GEOMETRY' IMPUT !
RGS FAR FIELD RANGE INPUT i
NP1 NEXT SET OF PLATES !
NGt HC GHOUNDR PLANE ‘
YCt NO CYLINDUR

NSt UEXT SET OF ‘SOURCES
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260 CIY NX® NEX] PPOPLEW
3 204 CItY ENT END FROGHAM
: 265 Ctit
; 260 IFCIRCI)LEQLITC1))GO TO 3109
E: 26% IF(IR(1)(EQ.IT(2))G0 TO 3202
3 268 IFCIRC1) L EQUITCI2)) GO TO 3250
3 . 209 IFCIR(1)EQLIT(3NIGC TO 3309
3 : 27 IF(IRCI)LEQ.IT(4))C0 TO 3400
¥ 4 o 271 IFCIRCI)LEC.IT(11))60 TO 3450
A 2712 IFUIROIIGEGLITISNGE TH 3500
3 233 IFCIR(D (EQLIT(6))G0O TO 35600
274 IFCIRCD)LEQUIT(TI NGO TO 37080
27% [ECIROI)CEGLIT(B)IGO TO 3804
270 TFCIRCD) LEQLIT(Y NGO TO 396D
277 TFCIRCIYLEQLITCIMIGO TU 400G
278 IFCTRCDILEQUITTC) ) GO TO 4100
27y IFCIRCIILEQ.ITT(2)) GO TO 4204
280 IFCIRC1YLEOLITT(3)) GO TO 2768
281 IFCIROT)LEGLITT(4Y) GO TO 997
282 IF(IRCI)LEC.ITT(5)) GO TO 33504
233 IF{IRC1)LEQLITT(6)) GO TO 4259
284 IFCIRCILEQLITT(T)) GD TO 3750
28% IFCIRCI)LEQLITT(8)) GO TO 3490
280 IFCIR(IILEQLITT(9)) GO TO 3443
287 IFCIRCIILEOLITTE10)) GO TO 4tt@
ZEo ARITE(6,3021)
28y 2221 FORMAT(? %wx PROGRAM ABORTS!!! COMMAND INPUT IS NOT PART/,
294 14 OF STCRED COMXAND LIST *dk’ )
291 Zuid  S5TOP
262 Commmamm
293 €% CONTINUE
294 L——==——  CHM:t CEt COMMANDS ———ee-
295 Csss
2%0 C83S  ISR(1)=Ckt OR CEs FOLLCHWED BY AN ALPHAMNUMERIC STRING OF
2%7 Cs$s$ CHARACTERS. THE CM3 COMMAND IMPLIES THAT THERE WIIl BE
298 Usss  ANOTHER COMMENT CARD FOLLOWING IT. THE LAST COMMENT CARD
2%y C$$s  MUST HAVE THE CEs COMMAND ON IT. IF THERE IS ONLY ONE
3¢¢ Usss  COMMENT CARD THE CE: COMMAND SHOULD RE USED.
d 391 Csses
: 302 READ(5,2801) (IR(I),I=1,24)
i 383 WRITE(S,3003) (IR(1),I=1,24)
304 IFCIRCIDLEQLIT(14)) GO TO 3era
- 38h IFCIR(I)EQ.IT(13)) GO TO 3099
: 300 BRITE(O,3891)
; 30T €91 FORNMAT(Z *x*x  DPROGRAM ABORTS!!!  CEs COMMAND MUST RE’,
E w4 27 USED TO END COMMENTS.,  #%#’)
¥ 36 siop
3 3 310 Cmmmm-
“ i 211 T1¢J  CONTINUE
g . 312 C——==  TOt  CONMAND  =—=———-
312 Ce¢ss
314 Csss  LDEBUG=DEBUG DATA OUTPUT ON LINE PRINTER(TRUE OR FALSE)
315 Csss
316 Csss  LTEST=TEST DATA TO INSURF PROGRAM OQPERATION(TRUE OR FALSE)
317 Cs5%
31t €585 LOUT=OUTPUT MAIN PROGRAM DATA ON LINE PRINTER(TRUE OR FALSE)
31y Csss
3o READ(S, %) LDEBUG,LTEST,LOUT
321 WRITE(O, 2101 LDERYG, LTEST, LOUT
388 1O FURMAT(2H *,5X,/LDEBUG= #,L3,5%,/LTEST= *,1.3,5X,/LOUT=",L3,
323 1179, 1H*)
34 WRITE(6, 2006)
32% (588
3§$ Csss LULOPE=SILOPE DIFFRACTED FIELD DESIRED (T OR F)
327 Csss
328 C¢s$s  LCORNR=CORMER DIFFRACTED FIELD DESIRED (T OR F)
51
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32%
30
331
332
.)...4
334
355
3%6
337
138
33y
349
341
342
343
344
345
340
347
348
3a%
35y
351
352
352
354
355
356
357
358
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C$ss
Cs$35S  LSUR=ANTENNA PATTERN ALONE(TRUS OR FALSE)
Cs$ss
READ(5 ,*)LSLOPE,LCORNR,L.SOR
WRITE(6,31%2)LSLOPE,I.CORNR,LSOR
3142 FORMAT(2H *,5X,/LSLOPEs #,13,5X,”LCORNR= /,1.3,5X,’LSOR= 7 L3,
T7Y, 1H%)
WRITE(6,3006)
[FLLSORIBRITE(0, 3402)
3402 FOUMAT(2E *.5X,/SOURCE PATTERN ALOME IS COMPUTED!!!4,T79,1H*)
IF(LSOR)WNRITE(6,3086)
Csss
CSS$S  JMN(1) ,JMX(1)=0PTION TO VARIOUS RAY TERMS FOR PLATES®
C$$S  @=SKIP PLATES SECTIONM
CssS  I=[NCIDENT FIELD
Csss  Z=SINGLE REFLECTED FIELD
C$sS  3=DOUBLE REFLECTED FIELD
C3$s  4=SINGLE DIFFRACTED FIELD
L$ss  S=REFLECIED/DIFFRACTED FIELD
¢sss$ =PI FFRACTED/REFLECTED FIELD
CSss  NOVEs NORMALLY JMN(1)=l! AND JMX{!)=7. THIS COMPUTES ALL FIELD
C$ss  VALUES INCLUDING IDENTIFING DOUBLE DIFFRACTION PROBLEH AREAS
CsSS  FOR A CUNVEX OR COMNCAVE PLATE STRUCTURE
Csss
C$8S  JMN(2) ,JEX(2)=0PTION TO RUN VARIQUS RAY TERMS FOR CYLINDERS
Csss  0=SKIP CYLINDER SECTiOM
C$$S  {=INCIDENT,REFLECTED,TRAMSITION, AND CREEPING WAVE FIELD3
Css$s  2=SINGLE REFI.ECTED FIELDS FROM END CAPS
Cs$s  3=SINGLE DIFFACTED FIELDS FROM END CAP RIMS
Css$s  NOTE: NORBMALLY JMN(2)=1 AND JMX(2)=3. THIS COMPUTES ALL FIELD
Csss YALUES FOR A FINITE ELLIPTIC CYLINDER.

(¢ C$8%

Css$S  JMN(3),JMX(3)=0PTION TC RUN VARICUS RAY TERMS FOR
Css$  PLATE-CYLINDER INTERACTIONS:

> Cs$s  (=SXIP PLATE~CYLINDER INTERACTIONM SECTION

Csss  I=FIELDS REFLECTED FROM THE PLATES THEM REFLECTED OR

> C$SS  DIFFRACIED FROM THE CYLINDER

Csss  2=F[ELDS REFLECTED OR DIFFRACTED FROM THE CYLINDER THEN

T Cs$s  REFLECTED FRCM THE PLATES

Cses  3=FIELDS REFLECTED FROM THE CYLINDER THEN DIFFRACTED

¥ C$$s  FROM THE DLATES

©$SS  4=FIELDS DIFFRACTED FROM THE PLATES TMEN REFLECTED
C$3S  FROM TME CYLINDER
C$S$ NOTE: NORMALLY JMN(3)=1 AUD JMX(3)=4,
(04333
READ(S %) JMNCE) , JMY(1), JHN(2) ,JMX (2}, JUNC 3D (J3X(3)
TFCIERC1) L LT JHNC D)=
TE(JUXCI) . GT.T) JHX(1)=7
IF(JMHC2),LT.0) JHi(2) =1
IF (JM%(2).GT.3) JHX(2)=3
TF(JN(3) LT B) JHN(3) =1
IFCIYX(Z).GT4) JUX(3)=4
IFCLSORY JMM (1)Y=l
IF(LSOR) JMX(1)=1
ARTTECG, Z102) JUNCT) (JHMKCT ) IMNE2) L IMX 2D, JHNC3) , JNX(3)
S1O3 FORMAT(2H #,2) 2 JMN( = # 12,2, 2JMX(1)= #,12, 2X.
DOIMECDYE 2 12, 2Ky IMK(2) = £ 1242X, P UM E3)= # 12,3
2, IUK(3)= 2 12, TT9, 1He)
GO To 3¢

[ S——.

<163 CONTINUE

Co UN3 COMMAND  =~oems

Csss

Csss  IUNIT=INDICATOR OF UNITS USED FOR INPUT DATA.
Cs8s$ 1=METERS

Cs8s 2=FEET
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PRI

avne [N

Bk
.

—

395
o
347
398
K17%
400
401
402
403
44
445
496
s
408
4y
4i¢
411
412
413
414
415
416
417
418
419
429
421
422
423
424
425
420
427
428
429
43¢
431
432
43
434
425
430
4z7
438
429
443
44 1
w42
443
444
445
140
447
448
44y
45¢
451
452
49z
494
455
4b0
457
458
45¢
466

Csss 3=]NCHE ¢
Csss
READ(5,*) IUNIT
UNITS=UNIT(IUNIT)
WRITE(6,4101) (LABEL(J,IUNIT),J=1,2}
4101 FORMAT(2H =,5X,7ALL THE LINEAY DIMENSIONS BELON ARE’
2,2 ASSUMED TC BE IN #,2A3,T79, IH*)
GO TO 3009
[SC T
4110 CONTINUE
C~=—  US3  COMMAMD  ===——-
Csss

CssS IUNST=INDICATOR OF UMITS USED FOR HS AND HAWS IN THE

€$$S  SGt CONRAMD,

Css$s A=V AVELENGTHS

Csss I=KETERS

Csss 2=FEET

Csss 3=INCHES

Cs¢s

Cs$s MOTE: IF OME SOURCE IS SPECIFIED IN WAVELENGTHMS, THEY ALL
Csss MUST BE IN WAVELENGTHS.

READ(S,%) IUNST
IF(MSX.EQ.2) GO TO 4112
IF(IUNST .EC. B. AND, [UUNSP,EQ.3) GO TO 4112
[F(IUNST.NE.?.AND.IUNSP.NE.@) GO TO 4112
WRITE(6,4111)
«111 FORMAT(Z #*%x PROGRAM ABORTS IM SOURCE UNITS. ALL UNITS NOT’
2,¢ SPECIFIED IN WAVELENGTHS!!! *¥%7}
STOP
4]12 CONTINUE
IF(IUNST.EQ.@) GO TO 4114
WRITE(6,4113) (L#BEL(J,IUNST),J=1,2)
4113 FORMAT(2H *,5X,”THE SOURCE LENGTH E5 AND WIDTH HAWS ARE’
2,7 ASSUMED TO BE IN “4,2A3,T79, iH%)
GO TO 4116
4114 MWRITE(6,4115)
4115 FORMAT(2H *,5X,”THE SOURCE LENGTH HS AMND WIDTH HAWS ARE’
2,4 ASSUKNED TO BE IN WAVELEMGTHS?,T79,1H*)
4116 TUNSP=]UNST
GO TO 3¢
AT m——
4200 CONTINUE
C=— FR2 COMMAND —-——
CsssS
Cs$S  FROG=FRENUENCY IM GIGAHERTZ.
Csss
READ(5,%) FRCG
.=, 2997925/FROG
WRITE(6,4201) FRQG
221  FORMAT(2H *,5X,”FREQUENCY= “ ,F7.3,” GIGAHERTZ’,T79,iH*)
WRITE(6,30006)
WRITE(6,4202) WL
42(2  FORMAT(2H *,5X,”WAVELENGTH= /,Fi1@,6,7 METERS’,T79, |H*)
GO TO 3¢00)
C.....-...._..
oMt CONTINUE
Com == P COMMAND - e
9833
£$$3  THCZ,PHCZ=ORIENTATION OF THEE ZPD AXIS RELATIVE TO THE
C$$s  FIXED CCORDIMATE SYSTEM.
(08331
€885  THCX,PHCX=ORIENTATION OF THE XPD AXIS RELATIVE TO THE
C$8s  FIXED CCORDINATE SYSTEM
Csss
READ(S,%) THCZ,PHCZ, THCX,PHCX
PR DI=SIH(THCZ*RPD ) *COS(PHCZ*RPD)
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461 ZPD(2)=STH(THCZARPD) #SIN (PHCZ*RPD)

462 ZPN( 3)=C0S (THC Z*RPN) .
46% APDC1)=EIN(THCX*RPD) *#COS (PHC X*RPD) i
464 XPD{2)=EIM(THCX*RPD) SN ( PHC X#*RPD)

46% XPP( 3)=COS(THCX*RPD)

400 C!1!  INSURE XPD IS PERPENDICULAR TO ZPD

407 DZX=2PD (1) *#XPN(1)+ZPD(2)*XPD(2)+ZPD( 3} *XPN(3) {
463 [F(ABS(DZX).CT.@.1) WRITE(6,3291) i
40% 32011  FORMAT(4 ##* PROGRAM ABORTS IN PATTERN CUT SECTION.# '
450 2, THE COORDIMATES ARE NOT ORTHOGONAL! 11 #kk#)

471 IF (ABS(DZX)}.GT.0,1) STOP

472 XPDC1)=)PD(1)=2PD( 1)*DZX !
473 XPD(2)=XPD (2)~ZPD(2) *DZX :
474 XPD(3)=XPD(3)-ZPD{ 3) ¥DZX

a5 DOT=XPD(1)+XPD(1)+XPN{2) *XPD(2)+XPD( 3) *XPD(3)

476 DOT=SART(DOT) i
457 XPR(1)=XPD(1)/DOT

478 APD(2)=APD (2 )/00T {
479 APD(3)=xPN(2)/DOT

48 YPDC1)=ZPD (2 )2 XPDL 3)=ZPD (3 )% XPL(2)

481 YPD(2)=ZPD(3}*XPN( 1)=ZPD (1 Y% XPD(3)

482 YPD(3)=ZPD (1)%XPD(2)=ZPD(2)%XPD( 1)

483 WRITE(S,3202)

484 3202 FORMAT(2H *,5X,’THE PATTERN AXES ARE AS FOLLOWS:’,T79, 1H#®)

a5 WRITECG,2006) -
450 WRITE(6,3203) (XPD(N),N=1,3)

487 3203 FORMAT(2H #,5X,/XPD(1)= F13.5,” XPD(2)=’,F18.5,” XPD(3)m=’ .
488 2,F10.5,T79,1H*)

489 WRITE(0,3000) ..
499 WRITE(6,3204) (YPD(N),Nml,3)

491 3204 FORMAT(2H #,5X,/YPD(1)=/ ,F13.5,¢ YPD(2)}=’,F18.5,/ YPD(3)=’ 5
492 2:F10.5,1T79, 1 H*)

443 WRITE(6,3206)

4v4 WRITE(6,2285) (ZPDI(N),N=1,3) r
495 :20% FORMAT(2H *,5X,7ZPD(1}=4 F19.5,7 2ZPD(2)=’,F18.5,” ZPD(3)=’

4%0 2,F18.5,T79, lH*)

497 Csss

498 C$ss  LCNPAT=I1S PATTERN CONIC CUT(T OR F)?
499 Csss  T=THETA CUT(CONIC CUT)

5¢@ Csss  F=PHI CLT{(PHI CONSTANT)

51 C$$$

52 Csss  TPPD=PATTEKN ANGLE THAT IS CONSTANT
%93 C$$S IF LCHPAT=T*: TPPD=THP CONSTANT

574 C$$$  [F LCNPAT=Ft TPPD=PHP CONSTANT i

,__‘._.,—n

505 C$$% !

566 READ(5,%) LCNPAT,TPPD

5¢7 WRITE(6,3006)

5¢8 IF(.NOT.LCNPAT) WRITE(6,3286) TPPD gf

50v 3200 FORMAT(2H *,5X,/THETA IS BEING VARIED WITH PHI= #,Fi@.5 ¥

510 2,T7v, [H*) e
b1 IF(LCHPAT) WRITE(6,3287) TPPD

“12 3207 FORMAT(2H #*,5X,’PHI 1S BEING VARIED WITH THETA= /,F1G.5 -

512 2,779, 1H*) }

514 WRITE(0,3006) ve

515 C$8$

vlo 05$s 1B, 1E, [ ¢=BEGIN,END,STEP

517 Csss {z

516 READ(S %} ID,1E,IS

51 IFC(IRLT.0) [B=4 <o
524 IFCIE.GT.300) 1E=308

501 TF(IS,LE.¥) 1S=] ,.
22 WRITF(6,3208) IB,1E,IS ,
Y23 3208 FORMAT(2H *,5X,’THE RANGE OF PATTERN ANGLE INDICES FOR THIS’ -

524 2% RUN AREs 2,13,2(#,2,13),T79, IH*") s

525 GO TO 3wt

420 Comemme e
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I —y

527
H2e
HeYy
939
431
552
533
534
535
526
537
538
h39
Sa(
541
542
543
544
545
406
547
548
549
55¢
551
552
553
554
555
550
557
558
55¢

564
5ol
562
563
864
565
500
567
568
Ho0%
87
571
Hv12
5%3
Y14
YA
Hlo
5%
578
579
546
581
582
BB 3
584
585
0

H88
584
%
Ol

3250 CONTIHUE
(=== kGt COMMAND  ==e=—-
Csss
E:z: RANGS=FAR FIELD RANGE DISTANCE
C$$$ NOTE IF RANGS IS GREATER THAN OR EQUAL TO 1.E3@
C$$$ THAN LRANG WILL BE SET FALSE
Cs$$
LRANG=.1RUE.
READ(5,%) RANGS
IF(RANGS.GT. 9, 9E2¢) GO TO 3252
RANG=UN11S*RANGS
FRITE(6,3251) RANGS,(LABEL(J,IUNIT),J=1,2) ,RANG
1251 FORMAT(2H *,5X,*THE FAR FIELD RANGE SPECIFIED IS5 7,E12.6,

2% IN 2,2A3,T19,1H*,/2H * ,5X,*THE RANGE SPECIFIED IN METERS”
247 IS 2,E12.6,T79,1H*)
GO TO 3¢
2252 CONTINUE
LLRANG=.FALSE.
RANG=1,
WRITE(6,3253)
3253 FORMAT(2H *,5X,”NO FAR FIELD RANGE SPECIFIED.”,T79,|Hs)
GO0 TO 3¢eo
Cr——————
33¢0 CONTINUE
Co— PGs COMMAND  w==—=—
Css$
C$s$s PLATE GEOMETRY INPUT
Csss
LPLA=,TRUE.
HPX=MPX+1
IF (MPX.GT.MPDX) WRITE(6,Y81) MPX
il FORMAT (7 #k#w*  NUMBER OF PLATES= *#,13,” PROGRAM ABORTS’,

24 SINCE MAX. PLATE DIMENSION IS EXCEEDED. dedeiriek? )
IF (WPX.CT.MPDX) STOP
WRITE(6,33¢1 IMPX
301 FORMAT(2H *,5X,/THIS IS PLATE NO, 7,13, IN THIS 7,
1#SIMULATION. 2, T79, 1H®)
Mp=MPX
WRITE (0, 30006)
WITE(6,30006)
WRITE(0,3006)
Csss
C$Sss  MEP(MP)=HUMBER OF CORMNERS ON THE MP-TH PLATE.
Csss
READ(5,%) MEP(MP)
MEX=MEP(MP)
IF (MEX.GT.MEDX) WRITE(G,993) MP MEX
43  FORMAT (“ whsaw DPIATE #/,13,7 HAS *,13,7 ENGES.’,
24 PROGRAN ABORTS SINCE MAX, EDGE DIMENSION [S EXCEEDED.”
2,7 wRRum’)
TF(4EX.GT.MEDX) STOP
DO 5 KE=i{,HEX
Cess
€585 XX(MP MEN)=X,Y,Z2 COMPONENTS OF CORNER #ME OF PLATE #4P,
Cess  Nel(X) N=2(Y)} ,N=3(Z). INPUT CORNER DATA AS FOLLOWSs
C8SS et
CH8S =i,y layihe
0555 =l,,=1.,0,
588 L,,=1,,¢.
Csss  THIS IS THE INPUT FOR A 2 METER SOUARE PLATE,
Csss  MOTE THAT IF THERE IS MORE THAN ONE PLATE, THEN THE CORNER
ng: JATA FOk EACH PLATE WOULD FOLLCHW SEQUENTIALLY.
C
HEAD(S5,%) (AXCMPME N) N=1 ,3)




g w2 b CONTINUE L
595 WRITE(6,33¢2)(LABEL(J, IUNIT) J=1,2)
. : 3 594 33M2 FORMAT(2H *,2X,*PLATE#”,2X,2CORNER#/ ,3X,2INPUT LOCATION IN 7,
k ¥ 595 12A3,4X,ACTUAL LOCATION IM METERS’,T79,iH¥)
E 4 596 WRITE(6,3302)
4 24 597 3313 FORMAT(2H #,2X,# =meme=? 2% 4 = mrrmet i
- 568 1,2(2X 4 2(? mememmnmvmm et ) )  TT9, I Hw)
N 3 by DO 33134 ME=1 MEX
; (%Y WRITE(6,3006)
odi DO 331¢ M=1,3
602 331 XQU)=XX(MP,VE,N)
605 DO 3311 N=1,3
oW4 3311 XX (NP, ME,N)=UNITS*(XQC1)*XP(N)+XQ(2)#YPIN)+XQ(3)*ZP(N))+TR(N) i
665 WRITE(6,3305 )P, ME, ( XQ(N) N ,3) (XX (MP,ME N),N=1,3) i

oo 33¢5  FORMAT(2H *,4X,[3,6X,12,2%,2¢(2X,F8.3,2(?,*,FB.3)),T79, lHw)
617 34 CONTINUE
ou8 GO TO 3¢u¢
61y Comm=m
4 . ol¢ 33%) COMTINUE
v ; o1l C-— NPt  CONMAND  =—w=—
;. 9 612 C$ss
k- .3 613 €555 INITIALIZE PLATE DATA.
-3 614 C3$5 l
: olY LPLA=,FALSE. .
S 616 HPX=9
3 617 WRITE (6, 3351)
o018 2351 FORMAT(2H #,5X,7 THE PLATE DATA IS INITIALIZED. *,T79, |H*/
61y 22H *,5X,7 NO PLATES ARE PRESENTLY IN THE PROBLEM. #,T79, IH¥) .
620 GO TO 3089
021 (Cmmmm—m
622 34¢0 CONTINUE ;-
023 C-— 'SG¥  CCMKAND  ==———=

824 C$$$

625 C$$S MSX=NUMEER OF ANTENNA ELEMEMTS.

026 (558

027 LAMP=.FALSE,

028 MSX=MSX+1

629 [F (MSX.GT.MSNX) WRITE(6,904) MSX

634 Su4 FORMAT (< nkdkww HUMPSR OF SOURCES= “,13,”7 PROGRAMZ,

03t 27 ABOHTS SINCE MAX. SOUHCE DIMENSION !S EXCEEDED. ke Ve’ ) :
032 [F (4SX.GT.mxENX)STCP H
033 WHITE(0, 341 ) WSX {
624 140! PFORMAT(2H * 5X,2THISIS SOURCE MO. *,13,2 IN THIS’,

035 1# COMPUTATION.#,T79, IH*)

030 ANITE(Q, 2008) {
657 ARITE (6, 3006) i
038 U5S5

G3% USSS  XSS(MS, H)I=XYZ LOCATION OF MS-TH ANTEM'A ELEMENT.

odt USSs .
041 €SS [MS(MS)=TYPE OF LINEAR ANTENNA E'
0ed (598 U=ELECTRIC LIMEAR ELEMENT £,
64l (558 I=MAGHETIC LINEAN ELRMENT

odd (585

645 (555  HAUS (MS)=APERTURE WIDTH I[N vAVELENGCTHS (NOTE2 IF *
046 (558 HARSCMSY 1S LESS THAN .1 LAMBDA, SOQURCE I8 g;
047 (958 CONSIDERED TO BE DIPOLE SXIRCE b
bt (LSS HS(US)alENGTE OF LINEAR ELEMENT IN WAVELENGTHS

06 (559

O USSE TUOZ(MC) LPHOZCNS)ImQRIENTATION ANCGLES USED TO DEFINE LINEAR
eNl Coss FLonLUT AxXISs,
eh) U vy

LI LTsE HOMINE) PHOX (NS YORTENTATION ANGLES VSED TO DEFINE APERTURE

-l
e

ohe 0985 PLANE 0L DIPOLF X=AXI1S. I‘
oF ' UV

G LBES B P 1e MAGNITUDE aND PHASE OF EXCITATION OF

o7 LSS YH=TH ELIMENT.

P




685

087
o088
089
(319
oy 1
oY e
093
ov4
6%5
ovo
ov7
ovb
oYYy
740
Tl
e
Tes
704
o
196
767
194
Ty
Hne
71
1i2
T
714
115
Tio
T
AR
liy
124
121
122
723

40

3412

3413

3414
3415

34to

3417

3421

34 22

3424

2425
1428

a3

-&3¢

MS=I(SX

READ(S,%) (XSS(MS,N) ,N=1,3)

READ(%,2) THOZ(MS) ,PHOZ(MS),THOX(MS) ,PHOX(MS)
READ(5,%) IMS(MS) ,HS(MS) HANS(US)

READ (5 ,%) WM(MS) NP(NS)

IFCIMS(NS) .EQ.0) WRITE(6,3411)

FURMAT(2H =,5X,?THIS IS AN ELECTRIC SOURCE.”’ ,T79,!H#)
TFCIMSOMSY EC, 1) WRITE(6,3612)

FORMAT(2H *,5X,2THIS 1S A MAGNETIC SUIRCE.’,T79, IH»)
WHITE(6, 263106

IF(IUNST.EQ.Q) GO TC 3414

UNSTSsUNIT(TUNST)

WRITE(6,3413) HS(MS) JHAWS(!MS), (LABEL(J,IUNST), J=1,2)
FORMAT(2H #,5X,” SOURCE LENGTH=’,F10,5,7 AND WIDTHs”
2,F14,5,1X,2A3,T79, 1 Hw)

HS (MS) sUNSTS#HS(US)

HANS (1S )wlINSTSwHAWS (US)

HWRITE(6,3¥06)

WRITE(G,3413) HS(MS) ,HAWS(MS), (LABEL(J41) ,Jul,2)

GO TO 34186

ARITE(6,3415) HS(MS) HANS(MS) )
FORMAT(2H #,5X,”SOIRCE LENGTH=”,[*18,5,7 AND NIDTH=/
2,F10.5,7 WAVELENGTIS5,T79, tHe)

WRITE(6,3000)

WRITF(6,3417) KEM(MS) HP(NHS)

FORMAT(2H *,5X,2THE SOURCE WE!IGHT HAS MAGNITUDE=’
2,F1i8.5,7 AND PHASE=? F13.5,T79, IH*)}

WRITE(6,308126)

WRITE(6,3006)

WRITFE(0,3421)(LABEL(J, IUNIT) J=1,2)

FORMAT(2H %,T6,” SGURCE#“ ,T17,7INPUT LOCATION IN 4,2A3,T46,
1#ACTUAL LOCATIOM IN METERS”,T79, IHw)

WRITE(6,3422)

FORMAT(2H #,T6,7(?=),T16,27(*=*),T45,27(?=*),

1T79, IH*)

WRITE(O,3006)

DO 3424 N=l1,3

XOIN)I=X4S(HS, M)

DO 3425 M=t

XSSCUS NI=UNITS®(XQC 1) #XPCN)I#XO(2) #YPIN) +XQ( I) *ZP(N) IS TR(N)
WRITE(6, 3424145, (XO(N) Mul (3], (XSS {45, N) Nel,3)
FO?MAT(ZH * T8,13,T15,F8.3,2(*,*,FB8.3),T4¢,FB.3,2(%,7,F8.3)
L, TV, 1H®)

TOR=THOZ (XS) *RPD

POKR=PHOZ (M S) =i PD

XQC 1 1=SIN(TORYCOS(POR)

X0 (2 )=SIN{TORYSS[N(POR)

XO(3)=CCELTORY

DO 3430 M=1,3

VXSS (I N (M5 aXOC 1) @XPIN)4XN{2) eYPCNYI X O(I)CZPIN)
TOReTHOX (M5) *RPD

PORWPHOX LHS ) #HPD

%31 )wSIRITOR) »COS(POR)

XO(2)mS NHITOR) *SIN(POR)

X0 (3 2eCCS{TOR)

N0 3432 Ns!,3

VESS 1,45 mXQL 1) 2XPINI X 2) #YACNIOXO( I} ¢Z2PIN)
DZXAVESS( 1 HS)I#VESS( 3,1, M5)eYXSS (1,2 HS)eVXSSt 3,2, HS5)
2eVEEST, 3, M5)eVX55(¢3,3,M5)

[FCARSIDZX ) GT3. 1) BRITEC(G,J430)

FOUMAT(Z exe PROCRAM ABORTS I% SOURCE SECTION (N THAT THEZ,
2* COURDIMATES ARE NOT QHTHOGONAL 1!l weeer)
PFEADRSINZ2X).CT.R, 1) STOP

VESS UL 1, 45)aVXSSL, 1, 85)=VX850], 1 NS 02X
VXSS(1,2,45)wV X580 1,2, M5)=VESG(3,2 . 452X

57




724 VXSS(1,3,HS)aVXSS( 1, 3, 45)=-VX5¢ 3,3 ,MS) #DZK

72% DOT=¥XSS{1, 1 MSIRVXSS(1, I, MSISVXSS( 1 2 MSI#VXSS(1,2,MHS) :
126 2#VXSS(t,3,KSIWVKSS (1 ,3,4S) '
727 DOT=SORT (DOT)

728 VXSS(1, 1, MS)sVXSS(1, 1, MS)/D0T

729 VXSS5(1,2,45)aVX5S(1,2,45)1/D0T ,
136 VXSS (1,3,45)=VXSS(1,3,MS)/00T ;
721 VXS5(2,1,45)8VXSS(3,2,45)#VESS(1,3 MS)=VKSS{ 3,3, MSI*VXSES() ,2 4S) !
732 VXS5(2,2 ,MS)IaVXSS3,3,MS)*VXSS (1,1 ,MS)=VXSS(3, 1,NSI*VXSS(1,3' MS)

1% VXS5(2,3,MS)mVXSS(3, 1 MS)I®VXSS( 1,2 ,MS)=VXS5(3,2,MSIWVXSS( 1, ,4S) ;
134 WRITF(0,3606) ;
734 WHITELO, 300¢0)

136 WRITE(6,3437)

737 437 FORMAT(ZH #,9X,THE FOLLONING SOURCE ALIGNMENT 1S5 USEDs

7oH 2,779, 1HY)

T3y DO 3433 NI=i,3

749 WRITE(O, 3200)

741 3433 #HITE(0,3434) (NI,NJ,MS,VXSS(NI,NJ MS) NJ=) ,3)

T42 3434 FORMATI(2H #,1X,3(2X,2VXSS(2,11,2,7,11,7,2.,12,7)=?,F9.5)
743 2,17y, lHe)

744 GO TO 3ea0

Téhy Commom—

740 l44. CONTINUE

147 C=—  PHY  COMMAMD  =emem—

148 (558

74y €$SS  PRAD=TOTAL PCHWER DRADIATED IM WATTS.

5L CSSS

751 €$SS  PHAD CAN ALSO BE SPECIFIED AS THE PQWER INPUT IN WATTS.
752 C5s$

753 C$$S NOTE IF PRAD [S LESS THAN OR EQUAL TO 1.E-32

754 €ssS  THAMN LPLAD WILL BE SET FALSE

755 Csss

1506 LPRAD= . TRUE.

™7 HEADCS, %) PHAD

58 Ir(PRADLT.1.1E-38) GO TO 3442

™y WHITE(6,3441) PRAD

Tos Ie4t FOHMAT(2H #,5X ,“TOTAL POWER RADIATED IN WAYTS= /,£!12.8
161 2, TV, 1Hw)

762 GO TO 3w ' _

Tod 3442 CONTINUE Y
164 LPHAD™ FALSE,

Ta% PHRAD =S,

To0 Wit TELG, 3443)

767 443 FOUUATI(2H *,5X,*NO PONER RADIATED IS SPECIFIED?,T79, M%)
708 CO 10 3 :

T0Y Lemmeme

T Q%Y CUNTINUE i
TTE gme=  AME  COMMAND  wome ' %
110 ©5%%

Tic UesS  PRADETOTAL POMER RADIATED IN WATTS

114 €585 .
17y LPHADW.IRUE.
110 HEAD(S,9) PRAD
1 HRITE(A,J2dt) PHAD :
Ta WRITELO, Jde9)
Tiv L0588 ) -
THY LBE%  YSXeNUHLER OF ANTENNA SEGHENTS
L Less .-
ise LAHG»  ThiE .
1y HuAiS,9) KNSk .
T P tusa .G, RE0K) WHITE(S,3477) NSX
TEN 2A T FOMALY esese  NUMBEN OF SEGHERTS= 2,13, :
ino o7 UROUHEN ADORTS SINCE MAZ. SOURCE DIRENSION’
' < S ERCERDED. resee’)
e P FOERR L LT L NSHXD) STOR
lay AR[TECO, J451) NSX
58 i’
¥
e v B - - i
R L]
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Samroppirinn

<451

LSS5S
CS5S
CSSsS
L9585
Uy ss
[0%-333
(%1
€565
C§55S

S 555

L$5s

5 (558

S4H4

a0

a5t

-49e
RERAY

U

& T4

85D

Mo

471

Ll

SN

FURMAT(2H # 5%, THERE ARE 7,13,7 SEGMENTS IN THIS’,
27 CURPUIATION.?,T7Y, IH®)

WHITE(0, 346

WRITE(O,3808)

XSS NIwXYZ LOCATION OF MS-TH ANTENNA SEGMENT
IUS(MS)edmELECTRIC LINEAR ELEMENT
HS(HS)=LENGTH OF LINEAR ELEMENT

THOZ(MS) ,PHOZ{US )=URIENTATION ANGLES USED TO NEFINE
LINEAR ELEMENT AXIS.

Wh(¥5) ,WP(MS)=REAL AND [MAGINARY CURRENT WEIGHT.

WHITELG,5806)

WniTE(6,3454)

FURMAT(2H ¢ ,T31,2SEGHENT COORDIMNATES?, 179,77
uiliE(o, 2u6o)

W[ {E(S,3006)

pillE{0,345% ) (LABEL{J IWFIT) J=1,2)

FOMMAT(2R ¢, 17,2057, T14,2INPUT LOCATION IN 7,243,
£3743,2ACTUAL LUCATICN h METERS?,179,%*1)
WH11E(6,3457)

FURNATI2H #,70,307=23,T12,26¢7~7),T42,37(%=>), 179,724}
anlicio, 206} )

UV 3492 MS=) i4Sx

145 (0S8 ) et

U0 311y MSel 4SX

HANS(NS) =S,

U 3423 MSe) NSX

HEADES (&) (XSSEUS N) Nel ) HEEMS) , THAZ(HS), PHIZ (MS)
HEAU(S,#) (WMINS), %P (NS} MSa], HSX)

00 3473 MSal MSX

DU 347¢ Mo, 3

X )oN:SENS NS

Q0 3815 Neld

AESUAS HI=URITSO XN I eXRN3 o 21 0YPINI o XA I eZPL R} FsTRIN)
AHETECO,34Ta) MG (X0IN) M=t ,3) , CXSSUHS N) H=ei, 33
FURRATIZH 2,786,113, TV 3,F8.3,207,7,F8,. 5 ,T4;,F8. 3,
2072 FR ), 1TV, THe) _ »
COHTINUE

W[ TECY, 3000}

RIIE G, 3 )

dliF (0, 3458 (LASELGI,IUNITY S 20

FORNATIZN o V7,2H82 ,T1, %5507 243, T2 3, *HINETTRG Y,
2741, 2 INRUTY THO, DHO? TAD 2 ACTUAL Y THO, PHOS ,TT9, the)
&y ELs, Y )

FOUAATIIN # 78, 3172) V12,2000 «7 1, 729, 16(?=23 159,
2ITL22) T79, iliw} :
ﬁ“tu&io.lﬂﬂal

15 1493 uhwl NSX

Heneh5(ne)

HEIRKRI=URL TS 6D

Thwwd, =S HI7 T NS

Pl (us)

Xt 5] niTeu i de 0 PR 2D}

RS P RO wR U L e SR BGaRPl))

G I PaChL R TaeED )

ad dEBl Nel

TN SRS GISR TS TYAR NS (TR I T TR ISP T Y4 § 9

T EAM eDPLORTAND (SGHTT VNN 1) SO (1 O XCRI L SRR )) L EBRI2N)
SHOS (A5 DR SHTAND CEQH (2 ), QR )

FHiVI L0, 20604) BS HIO HSINS), T9,0Q, THERI NS, DW07i985)
FUsiATIY .70, 1 3,38, 2{23,FB.4) 5K 2(ZXFR.D, 7 7 FAL D)
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650 2, TTv, IHw}
¥5% 00 3484 =1,
858 2484 VXSS(I K MS)IeXORN)
8hy VXSSO, 1, U8y OS{THOZ (MG }#RPNICOS(PHOZ{MS 18P D))
Ho8) VASS(1,2 MSI=sCOS(THOZ(US I=RPN) oSIN(PHOZ{US)I®RPD)
vl VXSS 3 MS)e=STNITHOZ(MS) 2RPD)
8oL VZISS(2,1 HS)m-SINIPHOZ(11S) RO ]
[ 3] VISS 12,2 ,451=C0S (PHOZ(MS )aiPD)
Bu& VISS(2,3,MS)=),
509 3403 CONTINUE
66 WHITE(6, 3044
yo? WHITE(O,3UBS)
Hor AUITE(O, 3485)
g6y 2485 FUHMAT(Z2H #,T33,7CURRENT NEIGHTS’,T79. IHe /2K », TT,7457,T18,
874 22HEAL? (131 ,71HAG.7 ,T46,2MAG, 2, TS T, 7PHASEY , TT9, IH*}
YR WHITE(G, J4HO)
872 3480 FUNMATIZ2H #,716,307=2),T17,807=7),T38,7(*~*),Ta5,6(%=-7),
Hio T8, 72=7) v v, 1Hw)
¥4 DO 3409 k&=l uSX
B1Y HAN= BABS (CMPLAININENS ), IR (US)Y )
8o WEPsONSRTAN2{NP (4S5 ) WKL NS))
8% WHITE(H,3266) NS, HUHIHS) HPCHS) BbY WOP
Bl S460 FORMATIZH #,T6,13,9X . E18.6,2X. E11,.4,8%,E1) 424, FR.3,TT9, 1He)
8T% 3a0L CONTINUE
B MRETE(S, JUL0)
go b CU 10 Juds
BES (=
3 aab  CONTINUE
usd fea= NSS  CULMYAND  ——ee
By L5483
880 L5835 INITIALIZE SQURCE DATA.
88 555
RS LAMP =, FALSE,
- 3% N3 X=y!
U WHITE(S,3491)
Bv i Jdfel FUHBAT(2M *,.5%%,¢ TRE SOQURCE DaATA IS INITIALIZED. 2, 779, 1ker
by d F2% @ aK,? HO SSURCES aA#E PRESEMTLY IK THE PHOBLER, *
B 2,179, 13w}
gy a GU TO Jodd
BYL Um e
avo JSH&  CORTLNLE
gy ? (= Lys CORYAKD -—
Sy {358
gy UBSS LaMiToelulh F LINE PRINTER QUTDUT OF BaTA {5 DESIRED
a4 (B35 :
vt HEApLS, a1 LERITE
W IeLLNOTLLRRITE SMETECS, 550 )
Yoo YSaPy  sJHBATIIN o 8K, /80 LIAE 2RINTER MUTRUTY, TT9, 1e)
. PRULROY ARHETE Y &0 TS o
wey weijfia, hat! :
vaio 2B FUZRETIZE e 38,4 JATH (L0 OF QUIDUT 9% LINS SRI™IER t1e,
VAL & tTEV, tie}
g o 19 daw
VB Lmamemn
¥I2 Ladd DONTiINUE
Vil e e LRTMMNTY > s
il 5%
wis 58 WOLTIRGE (¢ PEN PLOTIEx OUTMNT t% RESIRED
did LESE
vig READiY, 3 L3L7
¥y TRELARTLOLTY) EITElG, Al
wi Y oLuis  FORKRIIZR 6,51, 0N DX SLa7 NERINEHS T Ne:
Wiy IFT.NDTLLALY G 59 loa
il L25%
v Leed  JF LILTRTRUE w¥au N IOENTICHMY
v$E LS
&0
S mm—————— T e— A A =
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& nany
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b vel 5SS MAUIUS=RADILS OF PCLAR PLOT.
¥23 C858  [PLTal¢FlELD PLOT), 2(POWER PLOT), J(DB. PLOTH
w24 (555
v25 HEAS %) RADIUS,IPLY
. V2o Wl TECe, 3600)
w21 Lol FORMAT(2M #.5X,2DATA WILL SE OUTPUT TO PEN PLOTTER !ttt/
v:s 21Ty, 1He)
¥l WiTelo,3éde)
v&n ARITEC 2, 308 IHADIUS, IPLT
w3l ol RUNNAL(2K #,9K,7 RADIUS=” ,F6.,2.5%,/1PLTu’, 13,779, 1He)
wil G0 10 Jee

W33 (mmemem——
vi4 170 CONTINUE
Y3 e GPs COMMAKD - ———

#3T L3585  INFINITE GHOUND PLANE EFFECT INCLUDED.

Vo8 (%35

viy LORND= TRUE,

Véu 0u 3742 N=1 L2

va AECIE,E N) L ESe( D INISYPIN] JeTRIN)

val ANC14, 2,5 =] [EBe(=XP{N)oYP{N)II+IRI(N)

w4) AXC14, 3, K e} ESe(=XPINI-YPIN)I+TR(N]

934 3782 AREIE, 4, N2 ESe(XBINI-YD(K) ICTRINY

V4 Y aiTELD,3701)

w40 3731 rORNAT{Z2H 5% 2 INFINITE GROUND PLANE [INSERTED th’,
wa7 i? STRUCTURE $!¢2 179, 1He)

v HYUTECS, 2208

vay FRAITEC0, 3TQI) (TRINI Nl 3)

vuag 3TU3 0 EOAMATE2H o 9X 7THE ORIGIN IS AT 7, F12.0,7,7,F12.6
w51 2,77, F12.8,% METERS? 719, 159)

¥4 i"k[a:(o Jﬂaé)

w52 hRETE(o.:Tuu) (20¢%) N1, 3)

wha 3Td PORMATIIN » 65X 2 THE NOMMAL IS 2,F12.6,%,7,F12.64,7,°
¥ 2,Fi2.0,17¥, 1k}

»ae U TO Jed

Wl e

whe ST ComTinG:

vay {e—  WGH -———

Yee wieh

w21 C§8% INIVIALIZE Gidund PLINE DATA.

vu} €54l

Wh3 L ONNTm =8 Sk,

vt BuiTE (&, 3790

way 1731 FOMRATLIE e 23X .7 SHOUXND BLANE DATA 1S INITTALIZER. #,.7Y0.1He/
veo 224 w 5%, KO TROUND PLANE !S PSESENTLY IN THE PROALFN, ¢
w1 2. TN, i)

vda T2 IT Juae

¢

BT Cmee % CURMARD - —————
»hI kel
VIl R THINILINEAR TQALEiAfiﬂﬁ QF COORTIHATIS FEOM "ﬁ% Fli isd
¥id Cost  COMMDINATES euiCH I QUUTNALLY S5V & &Y OPERATIN.
wTY L858
vis

3 BF £, 243,776, 1K

=i 31
(i¥-'.FE.3.

2t
T
)

TIRZITEOA YO SeLARRLT 2, 1 Jei QY (TRIFL (Wl 3)
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3
!
8.
whp OS5 THAP BU7 eCRIFHTATION OF THE 2P AX!, HELATIVE TO THE
wity LE8%  FIACH CCORDIMALIE SYSTIEN, }
e ULes
wel €885 THEP PUXPsCHIENTATION OF THE 4P AX1S PFLATIVE TO THE :
W2 QL% FLALD DUCRDIKATE SYSTEN.
whli CS5% 3
[*UP3 REALICS 0 JTHZ P, 8420 THID, PHXD H
Yy 2P0 RSINCTHZ R0 #COSE MHZP RPN !
AT L2 1aSIY(THZD e B0 ) e STHT BHZO4RPN ) *
w47 Z2(1=CCELTHFP D)
ok AP 1) SENITHIPSRPD ) =COSE BHYD#RPD )
PR AP (2 1sB IV (THEPRRN ) SIN(PUXPAIGC)
Fishgs AP =CCSITHIP#RPD)
Poird €1t IMSHPE AP S PEAPEMDICULAR TO 2P
IRV D, NZYE2ZPL1)1«XP(1)3eZ2B(2)mXP (202D (2 )2XP(3)
[RY S TECARSINZY) OV 2 NIFRITENS,3002)
Fiea 2e03  FORuAT(Z »as PROCDAM ARCATS [M AOTATE SECTICMN [¥ THAT TNE’,
A S 4 COGIDINATES ARE NOT CATHCCONAL!Y! »ee’)
) Le CARSENZUNET 0L H1STOP
| 58,93 PN =X )=2RP 1 YeNZY
Ty XP(21uAD(21=2P(2 ;e X .
o NOTESORT (70T ) {
Fevdsy Pt 1= XPt3)-20¢3en2X
Tt ! FET=XPLLISUAP I 1o XP(2IWXP{2 e XP(II®XP (]}
12 X341 AR CLI/ROT .
13 X2(21=%P (23007 i
114 AR( 3 1mXF ¢ I 00T ¥
b ¥ 11220 ¢2 e iR (3)=ZP (5w aD (2}
1dio YOU21sZPEIIeAPLL }=2D01 e XP( ) R
117 YP(3122PC 1 1eXF(2i=2P12)eXP (1) ;
118 WRITE(D, 3931 i
Lty Iwil FORLATE2N e SX #THE FOLLOWING ROTATICHMS ARE USED FOR AlL’,
(AL L4 SUBSEONTYT [UDPUTSIC TPV, IH&S
a2t HAITS(a, Tval
1ol ARETECS, 3H3230X2(N) e, 3) :
P23 1012 FURTATION e S0 sxPt) tal Fle 5,0 (PL2)e” FIR.5,4 XB(Jlal, H
122 trlis Thn, ibe)
to2s wallitn 4080
e WRETE e, I3 Ha )
12T %Y OBURIVATENNL e 24 0¥ 1 ) FIO.9,0 YRI2lss r10.5.4 ¥R()lwe,
1,0 H IR L N §1 )]
bRl AR{VENe, Tite !
{FREN AALTECA G NIIIIN, Nel ) .
fa3D LwFE A HATION @ SE C2201lwe SR 8,0 THE{21w P0G ZR()Iwe, H
toil el 4, Ty, [He} :
LR i TS Lo
Faid Lrewwom-
U8 e T DOV DNNE
i;:r,: L — i ] TCRNT - e
prvmo v Eas M g SECpETa¥ SRUY
Pole (538
ER 4] vt e, Vil
voRE oLsEs
T 358 e AILUS $F I 0PNE DM X CVLIWIEN ANXES
foe. ovEx BRSEAILE B CLLUIPSE ON Y TYLIMIER AXLS
i % LaFe
[ SN NS CondONENRT
fodE L 1S YL IRTWR ALfS
SRR SoRPENENY
LLE2 a3 TR 208, CYLINWSE AXLS
Toks 4
Pete AERTUG, 63 MR KD
(NS P RTES L6} TN TRTN LU THTS
54790 FETTRN
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1:194
1459
Ldhe
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V-1
tahy
lew
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el
[o64
[EN A
lLe0
[EV-¥]
1J6b
lJey
i
171
172
133
174
Pu78
Jio
1037
1378
197y
Fatzv
gkl
lagd
[IASR
(S5 T
LS
Fado
et
tues
1 Hy
Ldve
i
| AL
[P
1% a
1%
owd
7S
fadbeut
biuy
Tiew
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Pig .
tivd
YISy
e
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FA KLY {0 N
2UP0=CP
EASAASUMETS
PReUARUNITS
2C%=CHeUNITS
2CPaZCPoeUl TS
WITECE A3 LN TLAREL (Y, TUNITY ,Jul 2, AROD
L3l FURMATIZH «,9%,7X AXIS DIHENSION 1M 7,
J2A3,%27 7RI, TTY, iHY)
MEITE(G, 3008}
BHITEC(O,03 1) (LABELIJ 1) ,Jo1,2) AA
BHITE(O, 3801
WRITE(S6,3000)
AR TECS, 6320 CLABEL(J,TUNIT) 01,2, BBO
C32w  rOHMAT(2H #,5X.2Y AXIS DIMENSION 1N 2,
283,724 ,r3,. 3,719, He)
nhITE(S, 2006}
AN]TF(0,632¢) (LABEL(J,1) ., J=1,2) By
WRITEC(o . 38(0)
LT RC4,30006)
WRITF(0,033UCLABEL(S, [UNIT) .J=1 ,2),2CHC
el FORMAT(2H #,5X,7M0ST NEGATIVE END CAP Z COMPONENT IN 7,
243,77 ,Fa.3,1T79, I He)
RR{TE(D,3d%)
WRITE(0,0334) (LADEL(I, 1), Jwi,2) ZCN
WHITF (O, 38000)
WITECH,634¢) THTN
ClAF  rURMATIZYM » ,5X 2 ANCLE OF MEG. END CAP SURFACE WITH MNEG.”,
2% CYL. AXIS 7,7=7 F8.3,T7V, k)
ER{TE(S, JWi6)
WHIT#(A,30064]
ARITE (0,030 CLABEL (T, NI T) ,Je) 2}, Z0PC
63%)  FOLMAT(2H #,9¢,7U0ST POSITIVE END CAP Z COMPONENT IN -,
CARY 2 FH L I, TI9 M)
ARITE(6,3300)
A [TF0,0350) SLABEL(T, ) 5,Jwl, 27 ,2CP
AR TR(L, 30
Wil T (8,6)& ) THTP
C3od  FURMITI2M o 3K ,2 ANGLE OF PGS, TMD CaP SURFACE WITH »0S,7,
2 Ol AXLS 2, %94 FH.I . Thv 1he)
SRITRIO IS
J0 alTe hei )
IXCGNeTR4N)
AL (naa XN
FoL Ny =YREN)
e IcLtnraineyy
€2 0 det
Ve s e

wlhld INT {UE

Se— W2 CONNAND e wimte e

P 3

C5% INITIALLIE TWLiNUER UATA,

Cs4%
oYL e, FaLSE,
LIRS NP Wit B

ARG O PQRMATICH e 5K, 7 TYLIRDER DATA IS IRIVIALIZEN. TV, iHes
Sk w,5X, 7 B SYLINER 1% PRERENTLY 1N THE MAMELLN.
JL.ii 1)
5 Te e

L-M—-

»%7T GUNTVILE

o= — ght COERAN - —r—
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1120 Wit I TEC6, 3006)

: 1121 RRITE(06,365)
¥ 1122 GO TO 99
3 4123 Conemme
L 1124 iyt COMTINUE
i 1125 C=— X0t  COMMAND  ——=e-
.4 1126 Csss
4 1127 Cs3s EXECUTE PROGRAH
E 1128 C$$s
112y HRITE(6,3606)
: 1130 WRITE(S,3006)
ot 1131 WL=.2997925/FRQG
R 1132 WRITE(6, 39@5)
3 1133 MPXR=MPX
i 1134 Cttt GROUND PLANE IS ANOTHER PLATE IN SOLUTION.
1135 [F (LGRND)MPXR=MP X+ 1
1136 IF(MPXR.GT . MPDXIWRITE(S, 901 MPXR
b/ 1127 [F(MPXR.GT.HPDX)GO TO 999
1138 IF(.NOT.LGRNDIGO TO 38@1
1139 LPLA=.TRUE.
H14i MEP(UPXh)=4
141 DO 3802 I=1,4
1142 DO 3832 MN=1,3
1143 Z8¢2  XX(MPXR,I,N)=WL*XX(MPDX,[,N)
1142 801 CONTINUE
114y IF(PXR.EN.G) LPLA=.FALSE,
[ldo C1t!
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2. Input Convarsion Section

This section converts the input data into a preferred form for
computational purposes. This involves converting angles in degrees
to units of radians, linear dimensions into wavelergths, and performing
the reference coordinate system (RCS) transformation if needed. The
RCS transformation is done.if a cylinder is present and its axis does
not line up with the basic coordinate system used tec define the input
geometry.

Set radiated £ field
to zero

Is
RCS transformation
neaded?

i
I Yes l LNROT=.TRUE. [

[ LNROT = FALSE |

Refer pattern axes to cylinder -
coordinate system

Normalize :ylinder parameters to
wavelengths and perform
calculations needed later

Normalize plate coordinates
to wavelengths

If LNROT=FALSE, refer plate
coordinates to cylinder
coordinate system

To Section 3 J
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2, TNPUT CONVERSION SECTION
NURSALIZE GECAETRY UNITS (IN TERMS OF WAVELENGTHS) AND
PEHEOKN HCS TRANSFORMATION (TO CYL COORD SYS) IF MEEDED

SET £ FIELDS TO ZERC

DO 1 I=1,361
ETHT{I)=(n, 00, )
EPHT(1)=(d4,0:0)
FACTOR=1.

BPL=4.

SLR=BPLARPD

LNRO=,THUE.

LO 5t b=1,3

XPC ()Y =XPI(N)
YPCOM)=1PR ()
ZPCANI=LPII ()
Ir(.{iCTLCYL) GO T0 4
LiFC=,+ALSE,
IF(.NOT.LPLA) CO TOC 5106
DC Bih MP=i ¥DX

LsET (4P)=,FALSE,
LEFS(SP)=.FALSE,
MEX=UZ2(MP)

DO B1gY VE=1 MEX

LORC (WP 0 E i z
LEDC(MP, ME)=.FALSE.

CONTINGE

DETERFIPE IF RCS TRAUSFOR!'ATIO!N IS MEEDED
DO & N=1,5

S (YCL(2)=14)

AZCL=ABS (ZCL(5)~1,)

XCOM =E0LT (ACCI 1) *XCO(1 )+ XCO(2) % XCO(2)+XCO(3}*XCO(3))
[r(AXCL.GU 1 .E~5,0R. AYCL,GT . 1 E=Y%) LICT=,FALSE.
IFr(AZCLL.GT .1 L E~5,0RXCON.GT. 1. E=5) LINOT=,FALSE.
IF(LticC1l) GC TO 5108

REFER P#TTERM AXES TO CYL. AXES.

CALL ROTRAN(XPC, XPD, Xu0)

CALL ROYKAR(CYPC,YPD, XCO)

CALL ROThAN(ZPC,ZPD, XCO)

CUNTLIUE

LoRAALTZE CYLINDER COWORDINATES
A= AA/NL

L=bi/kL

ZC{1)=ZCPR/HL
ZC(2)=2CN/ B
THTPH=THTP*RPD

SHCC 1) =SIN(THIPR)
CNCC D) =COSCIFTPR)
CTC( ) =CNC])/sHC)
THTHR=TETH*RED
SKRE(2)=STH(TITIR)
CNC(2)=COS(THTIN)
CTC(23=CNC(2)/811C(2)
CONT 1Nk

NCHIALLIZ: PLACE COCRDIINATES
IF(LNOTLLPLAY GO TG o
0 Y ARs N
MEX=ED(MP)

DOy =l reE

[EVRE ANIED B

PSP

g

ponsmy

R
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feal s XONP ki) =0 3 O (A E 3 200
l2i [FCLARGT) GO TO bR
Iele GO 218 hp=1 HpLe
1214 BeX=A2P(AP)
121y DO Y214 ME=1 MEX
1216 DO 5226 N=1t, 2
1217 5220 XALGH = E, M N)
: 1216 CHIY kEFEK PLATE COCRID. TO CYL. COORL SYS
L. 121¢ CALL WOTEAI( XAR, XX}, XCO)
122¢ 00 H239 Nal,Z
- 1221 8220 XCAP Bk NY=XXX(4),
1222 %216 CORUINUE
ar 1225 8249 CONY LR
1224 ¢ CONTIHUE
1225 Citt
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3. Main Computation Section

This section directs the actual field calculations, performed in
the various subroutines

. ,_‘._._‘
.

¢

Loop through sources
variable = MS

T

[ Specify source geometry 4]

.

Perform normalization to wavelengths
and transformation of source coordinates
to cyiinder coordinates if necessary

ol B

Def ine various geometrica’
properties of the structure

i e

Ll

Initialize arrays used to define
double diffraction sactions

!

Loop through major GT0 groupings
veriable = K
K=1 caleulate plate fields
K=2 calculate cylinder fields ind
K23 calculate plate-cylinder
interaction fialds

oty

Loop through individual GTD terms
variaple = -t
(see following sections) {

[ Loop through pattern angle j¢——-

[ Convert pattern angles to RCo *Aj]

'

G maireer 9

b )

[ = Ty )
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[P

] | }
Defina unit vectors of observation

direction and polarization
unit vectors

Set £TH=0
EPH=Q

8ranch to appropriate GTD sectign
. based on values of J and K,

. Calcutate corresponding field

) components ETH and EPH

: If LOUT=.TRUE. print
. calculated field components

Add GTD terms (ETH,EPH) to fields

computed previously (ETHT,EPHT)

Include source weights {wagnitude
and phase),

If LOUT=.TRUE., print E fields
calculated so far

If LWRITE= TRUE,, print
the total fields

Make plot of total field
if desired

r

s et

69




looe
1227
l22u
122y
12530
1251
1252
2o.
1254
1230
1di0
1237
1256
123y
1260
124
<4l
12453
1244
124%
léee
~t2ad
o4t
124y
[ P31
1end
12%2
et
12u4
€ ‘J

1es

'(.J(J s

1257
125t
[P
la(n,
fcoi
leez
12063
it
12¢Y
12¢e
1207
lcob
lety
125w
127
12%2
12752
1274
1272
1o
1255
25
125y
1oy
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et
cite
cit

LT
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LI
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cree
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3. SAIN CUMPUTATIGH SECTION

LUOP (HhU} VARIOIIS SOURCES

O 124 MS=1 ,1SX

LPECIFY ‘OUHLF GEOMNETRY :
PERFOURA HORMALIZATION AND TRANSrCR“ATION or
SOUKCL COORDINATES

UU I IJ-’I 3

XS(NJ=X£S(PS,H)/WL

[A=T4S(28)

DC H3u7Y NJ=1,3

DO 347 MI=1,3

VASINT 1) =VXSS(NI ,MJ,MS)

lr(Lluol) GG TO 53¢

HEFRER SGURCE LOCATICN TO CYL. CCCRD SYS
CALL ROIRAMIAS ,XS5,XC0)

REFE# SCUHCE uLOP“ SYS AXES TO CYL. COORD SYS
DO %304 M=l ,3 ;

LU 303 NJ=1,3

AXXCLJI=sVXSS (T, NJ L 11S)

CALL HOTHAN{I XX, XXX, XCC)

5O 9394 1U=1,3

VASIN] L1 Y=XAX (D)

copT Lt

[FCLAYP) GO 10 301

[FCIRISTHE.C) GO TO 5305

SPECIFY SUUHCE TIMELSIONS

HAGR={ A0t (5€) :
H=HS (18) :
GU TO 5366 ;

Hani=ilAns (MSIZLL

HeHS (aS )AL

WI=n (NS ) *CEXP(CI* WP (MS) #IFD)

GL TC Hii2 ;
SPECIVY SCURCE DIFENSIONS FOR NEC MPUT
H=HS(ESizZul :
An=L,

LIECIPLL (RN CES ) P (S)) . ;
IF(! LT.015) Kl=i SePI*it] :
ITLIUE
Dirl.i VARILUS GEGAETRY ?nCPE?;IES OF STRUCTUH
1F(LPLAS CALL CEOM :

TF(LCYL) CALL GEO'C !
IF(LPLALAND.LCYL) CALL GEOQPC

NOTEs AT THIS POIIMT THE RCS THANSFORIATIC! (TO CYLINDER
CUCORINITIATES) IS CCi"LETF. THE CYLINDEH CCORD SYS
AID RCS ARE MNOW THE SAME AMD LIILL BEZ RIEFERRED 70
AS THE RCS (itEFERENCE CLCP“!SY’)

1i-171ALIZE ARRAYS USED T0 DEFIYE DOUELE DIFFRACTION SECTOHS.
CC 41 I=1,MEDA

DO 21 J=1,4PDX
1b(J,[)==1

DO 42 1=1,301!

10DC ) =¢

aB=1

k=3

IF(LSOH) Gu To 1148
IF(anT LEYL) GO TC 1148
TFOL-nA) G0 10 T dy

ab=

N1 ped ;
Ce T2 Hlay !
Ke=1 i

akE=1

70

g i o S A Woast i

¢ . S 3 D S A




1242 114y  CONTINUE
1265 CUYY LOGP THEU MAJOR GU1) CROUPS

1294 C1 1! £=1  BLATE FIELDS
12v5 44t £=2  CYLIMDER FIFLDS X
1260 CHIY =3 PLATE CYLINDER INTERACTIO!N FIELDS
1247 GO 1150 K=Kb,KE
12o4 Jb=JLM(R)
128 JE=J 4 (R)
1364 1F(LSOK) GO TO 1151
1561 IF (L NOT.LPLALARD . HOTLLCYLY GO TC 1151
1302 IF (MPXHEL3) GO T0 1152
1302 IF(K.EQ.2) GO TO 1152
1sta IF(JB.G1.2) Gu TO 1158
1365 JE=2
1466 GO TO 1152
1567 1151 Jb=!l
13ko JE=1
tduy 1192 CONTINDE
1316 IF(JB. 3G GO TO 1150
1331 IF(JE.LT.JE) GO TO 1156
1312 ¢t LGO# THE! INDIVIDUAL GTD FIELDS.
‘ 1313 DO t1vd J=JB,JE
: 1314 CL!Y LOUP THRU PATTERM ANGLE
131y IE(LCNPAY)Y TEPaTPPD
12106 TBP={3+1
i 13517 iEp=1E+]
! 13518 [F(LUERLG,OR JLTEST) IEP=1{+1
I 131y DO 1lu¢ 1I=IEP,IEPR,IS
1320 CH!Y CALCULATE PAITER! ANGLES M PATTERY CUT COGRD S¥S.
. 1321 IsIl-1]
; 1322 PHP=1
! 1323 IF(LCHPATY GO TO 1102
- 1324 IF(I.GT.188) GO TO 111
132% PHP=TPPD
. 1320 THp=!
! 1927 GO TO 112
o 1326 1101 PHP=TPEPL+18,
1329 IE(PHP L UE. J66t. ) PHP=PHP=6(",
153¢ THP=300~1
T 1331 11€2  THPx=THE#*RPL
1532 PHPR=PHP*RPL
1335 CH1Y CONVEWY PATLERN ANOLES TO REF. CCORD. SYS.
1554 CALL PATRQT(1i!Si2 PHSK  TH2R,PHPR, ALR)
: 1asy STHS=SIN{ L HSK)
b ls30 CILS=COSC THSR)
1 1537 SPS=aSIii( PHSK)
1336 CPS=COSIPHSR )
133y AS=P[-THSn
i 1 34¢: SASESI{i(AS)
= 1341 SASP=ARS(SIN (AS-2.5%P[))
' 1342 CAS=COS(AS)
13603 CItY NEFINE GBSERVATION DIRECTICH AVD THETALPHI UMIT VECTOWS,
1344 D(1)=5THS*CPS
13ab D(2)sSTHSASPS
1380 D3 =CThHE
1345 OT (1) =C I HSHCES
13ab UT(2)=CTHS*SPS
134y DI(3)e=STHS
1 3% DP(1)watps
oyt DR (2)=CPS
Ley2 ETHa(, 44, )
1355 EPH= (., (%)
Lebe LHIE BRANCH TC APPROPRIATE GTD SECTIOM RAS:D OM VOLUES OF J AMD K
1 395 GU 1 CL G, L0 1130 )
15390 +i1ty  CONTlLue
Fob GO T C100,2080,,3% 670, 7.5, R0 9en) | J
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tobb ol CONTINUE
135 Cl$t COMPUTE THE DIRECT FIELD FROM THE SOURCE.

1300 CALL INCFLDCEITH,EIPH,LSOK)

1301 ETH=LITH

1302 EPH=E]lPH

1302 IF(LOUT) CALL PRIOUT(10@,0,®,8.EITH,EIPH}
1304 GO TO lewo

1365 0@ CONTINUE
1300 Ctt!  COMPUTE ALL POSSIBLE SINGLY REFLECTED FIELDS FROM PLATES.

1307 DO 25 MP=| MPXR

1308 C1!t IF SLOT ON PLATE,THEN NO REFL. FIELD.

1309 IF(LSURF(MP)) CO TO 25

1370 CY1Y  IF PLATE SHADOWED,THEN MO REFL. FIELD,

1371 IF(LSHU(MP}) GO TO 25

13712 CALL REFPLACERPTH,ERPPH, MP)

1373 ETH=ETH+ERPTF

1374 EPH=EPH+ERPPH

1375 [F(LCUT) CALL PRIOUT (200 ,MP,8, *,ERPTH, ERPPH)
1370 2% CONTINUE

13%7 GO TO lkuo

1378 0@  CONTINUE

137y C1it COMPUTE ALL POSSIBLE DOUBLY REFLECTED FIELDS.
1560 DO 31 MP=1,MPXK

13p1 €ttt IF SLOT CM PLATE,THEN MO REFL/REFL FIELD.

1362 IF(LSURF(MP)) GO TO 3i

13635 CYY 1F PLATE #MP [S SHADOWED,THFEN NO REFL. FIELD
1384 Ir (LSHD(MP)) GO TO 3!

1365 DO 39 4ppP=1,MPXR

13v0 IF (MPP.EQ.MF) GO TO 3¢

1387 IF(LIHDCMP MPP))GO TC 3

13&b CALL RPLRPLCERRPT,ERRPP, NP UPP}

138¢ ETH=ETH+ERRPT

13vu EPH=EPH+ERRPP

1391 [F(LOUT) CALL PRIOUT(349,4P,VPP,C,ERRPT,ERRPP)
13%2 @ CONTINUE

13v5 31 CONT INUE

13v4 GO TO ludw

1ovD ok@ CONTINUE

13v0 C!!! COMPUTE ALL POSSIBLE SINGLY DIFFRACTED rIELDRS INCLUDE
13%7 Ct!!Y A CORNER DIFFrACTICON TEKM IF DESIRED 8Y INPUT DATA.
1dvb DU 61 MP=1,MPX

13y ¢t1t IF PLATE SHADOWED, THEN NO DIFF. FIELD.

tavy IF(LSHLU(MP)Y) GO TO 61

lag | MEX=MEP(MP)

1482 DO o ME=! MEX

R1KY FNaFNP(KP,NE)

ldpd Ct1l Ir WELDGE AKGLE TLDICATOR (FN)<@,THEN <AVE COMMON EDCE CN
t4uh L1l OTHER PLATE COMPUTE DIFF. PLELD.

lay? CALL OIFPLT(EDPTH,ELPPH, EDPCTH EDPCPH,FN ME, UP)
14¢8 ETH=ETH«EDPTH+ENPCTH

140y EPH=EPH+EDPPHEDRCPH

t4lw I (LOUT) CALL PRIOUTt6M4 4P ME,Q,EDPIU,EDPPH)
14.11 1¥ (LOUT) CALL PRIOQUT(O@, NP ME, £, EDPCTIH ,EDPCPH)
lai2 o CONT [NUE

tals ol CONT [HUE

I4ta GO TO lew

14i% Twd  CORTINULE
tdio Uil LOOP [HkU THE vARIOUS REFLECTED/DIFFRACTED FIEIDS.
P41y Lt INCLUBE CORNEw TERM IF DESIRED BY INPUT DATA,.

1418 DU T2 Mrml MPXH

Paby CttY I+ SLUT CH PLATE ,THEN NO REFI/DIFF FIELD.
fad TR CLOSURY (MR2)Y GO TO 72

te2 i w1t Te PLATEL <4ult 1S SHADOWEDR,THEN M0 REFL. FIELD
1éae Ir (LSIM(HK)Y) GO TC 72

lage U0 vl MPwl UPX

72
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1424 Ir (P EC.LKY GO 32 71
1alY TFCLIHDOR,MPYIGO TO T
5’ 142¢ MEXsS!' 2P P)
[ 125 DO T kel RL
e 1ady FH=REP (AP, k)
1429 GV [p rtich; THIL HAVE COMUON ENGE ONM
- Tdow LU QTHEL PLATE COSPUTE IMIFF. ELELD.
§ 1431 [F(FL.LTWW0) GO T0 Te
. 1452 CALL RELDPLCERPDT (ERPUP, EXPICT,ERPECP, FR ME, 1P, 1HR)
14,2 ETH=ETH+ERPCT+ERPICT
1454 EPHEPH+ERPT T+ ERPDCP
N 143% TECLOUT) CAL. PRIOUT(7¢%),tk, YP ME,ERPLT ,FRONRA)
¥ 1430 IF (LOUT) CALL PRIQUT(7S:,Mi2 1P, E ERPDCT,ERPUCP)
e 1425 W Cony INUE
1438 3! CONT I NUR
. 1eiy 32 CONT UL
i 1440 GO 10U 1o
i 1441 gvy CONT[HUE
i Paa2 CIIY COMPUTE THE VARICQUS CIFFRACTED/ZREFISCTED p¢lZLNS,
1445 L4 ITHCLUDE COKMER TEAM IF DESIRED BY INPUT DATA.
1444 20 B2 MP=1,1PX .
1445 CUYY [F PLATE 1S5 SHADOUED,.THEM MG DIFF/REFL FLREL,
l14do TELSHDCGIP)Y) 60 TO 82
1447 AEa=reP(NP)
Pasy DO 31 KE=1,EX
1444y FN=rU PP E)
1<Su [r(rd LT.0.) Cu TO 81
1449 ] DO €d ith=l MFXK
149, IF(RKGECEP) GC TO 8¢
14%2 [FCLEHDOIP  ME)IGH) TO 8¢
1454 CALL DPLKPLCEDHPY EQREEP, SDCKHDPT (RICRPL, PN, T P 1h)
144 Elh=d Ko EDKPT+EICH DT
leYo EPH=EPHFEDRDPSEDURPP
14%7% Ir(LeUTE CALL PHIOUT(BvE P, "E, R, EDHPTENRPD)
LayL Ir (LOUT) CALL PHIGUT (35, 1P, ME, 1, E1-CnPT ETCPPR)
: 14%% Lo CONI IMLUE
* 4oy Ui Cunl e
14l &2 COLY I hdE
ides GC TC ey
: P40l sid!  gutiinle
! F404 LM CHECL TC SEE IF DOUBLE DIFFRACTICIS OCCUN,
ldos Lt IF Su, IDICATE IN GUTPUT FILE.
1400 IrthEX DY WGE M0 TO 911
i V407 NEELS SISV E IV
. laob UPa=LODC ) A29=MERQ)
Loy VPP~ DOV ERat D2 Y
1 a7y TECLGHML CALDRIRP LSEL P X (D TG 91
1471 Ir(PPEG) GO TO ¥12
1472 RHITFCA, TN P uE, rp? .
F&T2 Y15 wONRAT(Y DTUTLE DIFFRACTION AT ANGILEw 2 13,7 FRD PLATES #
1474 2,02, BEDGRe 2,12,4 1S SIADRIEDN BY PLATEe 2,100
147% GO 10 v
1410 %12 oi{TElo,%14) 1, 0P, NE
1&£5% v PO AT QOUPLE DIEeHACTIOY AT AMSIGw 2 13,7 i pLajRe 2
474 2. 08,7 tLGhe 2, 12,4 IS SHADCUED BY TH: CYLI'PEN?)
147% %11 vONT [ Rt
P4y CC 0
tdud 123 CoM, fiug
teng (AR SVANNTAL I L T 48 IS

tagy vl cunl frive
letan UEEY CUMPUTE DIneCT FIELD FRCY SCUHCE

1dgy Tty Ge T8 12
lého VALl DCWPLLCEITE ELOY LSOn)
1407 s Tl
letly sPHa e Bh
136y TEOL dad Gt IO 1)
13
. PR -




a4l
14y 1
142
lavl
14y 4
14vh
4% ¢
1445
l4% ¢
1464
ot
153 ]
luy2
lut.e
| RSTL:)
1565
R ANA
o7
“Ioel
Iowy
oW
111
1912
1213
1vi4
ISR )
19te
Io17
I5lb
Iuly
Ibee
021
w22
Ibes
iv24
1929
lLeo
Ihes
1925
192y
e
inl
1h32
Inde
1924
Ialh
Ini¢
1957
Ialo
125
Ivde
RE-1 3
1242
[R-23¢1
1Hd4
lvab
In40
T
15Hdo
g
Ibbb
|
J 1
.
K}
)

LY

PR

R
Ly
3

it
|
I
|
!

oL

12
e

1he
eyt

et

Ly
SRS

Y]
113
200
cr
(SR
crt

Ctit

ey
“wl

cret
crit

L17]
S0t
L!!!

(WS

CONT LUIUL

COMPUTE SCATTERED FIELD FrOn LY!INdEP

CALL SCTCYL(£SiH,ESPH,ERTH
ETH=ETH+ESTH

EPlI=cPH+ESPH

Ir (.NOT.LOUT) GO TO 1iv:

+ERPHD

CALL“bR[ouT(llu.ﬂ.L.),-Iri EIDH)
CAIL PRIQCUTCI129,0), 404}, ERTH, EROH)
CALL rulIcu™" 30, b.c “.cS;..LSPV)

GO TO 160w
CONTINUL

COMPUTe ALL PUSSIBLe REFLEC
DO 1v =1,2

TED FIEU’\c FHOM EMD CARS

Tk ANTELNA I% ON ENDCAP 10 REFLECIED FIELD FROM EMDN CAP

[FCLORECEHC)) GO TO 15
CALL REFCAP(ERCAT, SRCAP, ¥C)
ETH=ETH+ERCAT
EPH=ED|I+ERCAP

IEC(LOUT) CALL PRIOUT(154,4C,

CONTINUE

GO TO 1404
CONTINUE
COMPUTE ALL PCS
DO 50 MC=1,2
CALL ENDIF(ELCTH,EDCFH,MC)
ETH=ETH+EDCTE

EPH=EPH+EDCPH

IFC(LCLT) CALL PRIOUT(546G ,MC
CONTIMUE

GO TO tetw

CONTINUE

GO 10 (250,40 ,94D,950),J
CONTINUE

COMPUTE #LL POSSIBLE FIELDS

N C,ERCAT,ERCAP)

SIBLE DIFFRACTED FIELDS rFROM EMD CAPS

.6, EDCTH, ENCPH)

PLFLCC ED FROM THE DLAT

SCATT=ZRED F&Cit THE CYLINLCER |

PO 2v MP=1,MPXR
IF ANTELNA IS O PLATE. THE
TR(LSUKFE(AP)) GO TO 29

Ir PLATE SPADUYEND, THEN NO
I (LSHL(MP)Y) GO TO 2¢

CALL KPLSCL(ExPST,E«PSP, ERP
ETH=CETH+ERPST

EPH=EPH+ERPSP

IF(.NCT.LOUT) GO TO 29

CALL PRICUT(249

ZM NOD RLFL:LTED FITLD
R:FLFCAED FIEILD
CT, ERPCP ey

oMP 8. 8,ERPCT, :RDCP)

CALL PMILU*(2DO.JP.J ¥,:=RPST, EQPSD)

CONTINUE
Cu TO 1ted
CONTLIIUE

CUMPU1E ALL POSSIBLE FIELDS SCATTEHEP FRCHN THE CYLINDER THEN

KEFLECTED FRON THE PLATES
DO 4.9 MP=1,1PXKH

CALL sCLRPLIE EKSPT, ERSPP, ERC
ETH=E11+ERSPT
EPHREPH+ERSPD |

1F(.;i0r.LOUT) GO TO 4@

PTe ERCPP ML)

!
i

CALL PHIOUT(21¢, P 13,0, ERCPT,ERCPP)

CALL PRICHUTY(42¢, ”P.n VW ERSP
CON1T [ MUL

GO 1O 1y

CUNT UL

COuPUGE: ALL POSSILLE FIELDS FErLFCTED Fro! THE CYLIFNER THFM

DIFFHACTEY) FuOM THE PLATES
DO vl M=t UPX

IF PLAE '*‘:‘H(NL'H THEN 'O
Ir (LSHDCAD))Y GO TO 91
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Y4
Yl

Sut
et
crtl

(VNS

(S5
e

£37)
Le
leed

el
(SR RE

et

cr!t

IREYS

ilvH

122
120
e

e

Cree
L!Il

C ALD
C AdD

<Yyl

2 vy

PEX=REP(RP)

DO ve¢ Mk=1,4EX

FN=FIP (P NE)

TF(FNL1.44) GO TO 9@

CALL RCLDPL(ERDT!H,ERDPH, &, ME, 'P)

ETH=ETH+ERDTE

EPH=EPH+ERIPH

lF([OUT) CALL PrIGUT(v4.0,1P,AE,0,ERDTI¢, ERDDH)
CONTINUE

LONFINUL

GO TC ek

CONTINUE

COMPUTE ALL POSSILLE FIELLS UIFbRACT—U FRO¥ THE PLATES THEN

MEFLECTED FrCY THE CYLINDLER
20 wo ME=l NP

IF PLATE SHADCHEDS, THEM NO DIPrQACTEP FIELD
IECLSIDAPY) U TO 96

YEX=HEP (1)

LO v5 ME=1 kX :

If EODGE DOES %NCT :AVE STROMG FIELD RESLECTED FROYM CYLINDEK
BYPASS SUBK. :

1F (. NOT.LDC(ED (MS)) GO TO 95

FA=FEP (AP, E)

[E(EL.LTo2.) GC TC 95 :

CALL DPLICLCEDECT, EDKCPLFil E, D)

ETH=ETH+EDHCT ;

EPH=EPH+EHCP

I (LOUT) CALL °RIOHT(VGM.WP.‘E.C.EDRCT.EDRCP)

CONT[UE

CONTINUL

COMTINUE: 3

IF(LOUT) CALL PRIOUT(I,I,J,J.ETH P”)

SUPLRPOSITICN OF THE rIELD LO”FOY‘F WEIGHTI NG

CF LESULT IN TEHMNS CF THE [NPU'T EXCIT A"'IOP.. AD

14E CONVERSICH GF THE POLARIZATIOH TO THE

PATIERN CUT COORDINATE SYSTEM.

ETHI (11)=ETHTC LT J+h] #(ETE#*COS( ALR#ELR) +EPH* ST (AL2+RIR)
EPITE (1 1) =EPHTC I )+ [ *(EPH*COTCALA+ELR) ~ETi#SI1I(ALE4LR)
CONTINUE
CUNTINUE

)
)

1

CIF GLNOWLLOLT)Y GO TO 120w

DO 12v2 1I=1EP,IEP,IS
[=]l-]

CALL PRICUT C(luwe, I, 1,0, ETHT(IL), EPPA(II))
CONT Ltk

5

E~THETA AU E-PHI RESULTS ARE SEHT TO URIT 36(LI“7 PRINTER).

IEE=1EP=~1 ,
IF(LynIWEY CALL OUTPUT(ETHT,EPHT, LCFD/T T D, 13, I’E ISy

'OCLAK PLOT CF DATA IF DISIRZL.

1.UTE THA1 THZ PLOT RCOUTIMES ARE NOT I3CLUDED
SIMCE TEEY Cpll (10T BE USED O AIL SYSTEMS.
IFCOIOT.LPLTY GO TO 493

CALL POLPLY(ETHT kADIUS, IFLT IS, 3
CALL PULPLT(EPHT,kADIUS, IPLT,IS,3
COUT LN

GO TO 2v%y

ST0®

ENL

61)
6 )

75



A description of the various GTD computation sections based on

vilues of J and K follows. A partial listing of each section is
repeated for clarity.

K=l, J=1

This section calculates the geometrical optics source field.

Caicalaie sourze flelg zomponeats
teall sudraciies INCSLD)

i

! 3 te 1009 {

L d
HBL Y- I P SO iyt
tiey L1 SouRUTE TRE DURETT FIELL FRIW THE SRR,
Ping CALL (WU ELOCE] TR EIAN LD
T BVl T3
I ERke B T .
Pinl YELL LT, CALL DHIOUTUIAR 2,.0.2.81TH EInM]
YT ) P s I P

6

R e 2t Ul b
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K=1,J=2
This section calculates all fields singly reflected from plates.

Step througnh plates
variable = MP :

is source a :
slct on plate MP or
monopole normal to plate?

{LSURF=.TRUE,?} .

Is
alate MP totally shadowed
from source?

No

Calculate field components of sourc?
ray reflected from piate MP (ERPTH
and ERPPH) (call subroutine REFPLA)

Superimpose reflected field
components ERPTH anc TIPPH with
previously calculated values
for single reflection from
other plates (£PH,ETH):

I
[_V*'so 0 :ooo#AJ

13cs cwi CONTINUE

15¢0 C!!! COMPUTE ALL POSSIBLE SINCLY REFLEC‘ED FIELDS FR0M PLATES.
1307 0o 25 MPE=1 PPAR

1300 C!!'!  IF SLUT C P'ATE.THEL NO REFL. FIELD.

1 30% IF(LSURF (b)) GO 10 2%

130 Ct!t IF PLATE SHADOWED,THEN MO REFL. FIELD.

1351 H-(LShD(NUJ) GO TV 25

1372 CALL WEFPLACERDTH,EXPPH,4P) :

1373 ETH=ETH+ERP1H i

1374 EPH=EPI+ERPPF i

1399 IF(LOUT) CALL PRIOUT(290,UP, 0, 0, ERPTH, ERPPH)
137¢ 29 CONTINUE

1377 GO TC e

77 :




K 1, J-3

3 This section computes all possibie doubly reflected fields from
g plates.

Sten through piates

variable = ¥P ]

1
Source 3 slot un plate MP Tl Ve

or 3 monapalie normal to plate? T
(LSURF-.TRUE. ;2 o

Is

‘plate P totally shadowed
from scurce?

Loop through platas
variable = MpP ]
(sk1p MPP=MP case) j

Caiculate field componerts for
source ray reflected from
plate MP and then from
plate MPP {cqll sub-
routine RPLRPL)

Superimpose aoubly reflected
field componants {ERRPT and
ERRPP) with values previously
calculated for double re-
flections {ERT and ERP)

I

I g~ to 166b~_i

1378 cwo®  CONTINUE
137 Ctt!  COMPUTE ALL POSSIBLE DOUBLY REFLECTED FIELDS.

1 300 DO 31 MP=1 MPXR

1381 ¢ttt IF SLOT ON PLATE,THEN NO REFL/REFL FIELD.
1382 IR (LSURF(¥P)) GO TO 31

1383 C!!! IF PLATE #4P IS SHADOWED,THEN NO REFL. FIELD
1064 IF (LsHD(MP)) GO TO 31

1385 DU 34 MPP=1,MPXR

1380 [E (MPP.ENGAP)Y GO TO 30

1387 TFCLTHD (MY PP YIGO TO 20

1388 CALL RPLRPL(ERRPT,ERRPP,MP MPP)

138¢% ETH=ETH+ERRPT

139y EPH=EPH+ERRPP

1341 [F(LOUT) CALL PRIOUT(3X) MP MPP,1},ERRPT, ERRPP)

132 L CONTINUE
t3vs Sl CONTINUE

i3y« GV TO hiaN

8
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. K=1, J=4

b This section computes field components for all! source rays singly dif- ;
fracted by plate edges. :

e,
& A

L 23

Al

ey g

: Step through plates
) variable = MP

Is
plate ¥P totally shacowe
from source?

PR

Step through edges on plate MP
variable = ME

. |

E
Specify wedge angle
nuinber FN

Is
diffraction tc be
hand'eo by other ! ommon) edge?

\ (FN<03)

Yes

Calculate edge diffracted and corner
diffracted field components of source
ray diffracted from edge ME of plate MP

. (call subroutine DIFPLT)

!

\. 1

Superimpose diffracted field
components with those
previouslty calculated

L

) 6o to 1000

- rpd




135 ¢  CONTINUE
1396 C!t! COMPUTE ALL POSSIBLE SINGLY DIFFRACTED FIELDS INCIUDE
1397 Ct!Y A CORNER DIFFRACTION TERM IF DESIRED BY INPUT DATA.

138 DO 6! MP=1,MPX

139y Ct1Y IF PLATE SHADOWEDR, [HEN NO DIFF. FIELD.
1dgw IE(LSHD(MP)) GO TO 61

1401 MEX=KEP(MP)

14¢22 DO 64 ME=| ,MEX

1465 EN=FNP (MP, ¥E)

144 ¢l [F WEDGE ANGLE INDICATOR (FN)<@, THEN HAVE COMMON EDGE ON
l4e.5 CHtY OTHER PLATE COMPUTE CIFF. FIELD.

lago IF(FH.LT.4.) GO TO 6¢

1407 CALL UIFPLT(ENPTH,EDPPH, EDPCTH,EDPCPH, FN,ME,MP)
14pg ETH=ETH+EDPTH+EDPCTH

14py EPH=EPH+EDPPE+EDPCPH

LR [FCLOUT) CALL PRIOUT(6:W,%P,ME,3,EDPTH,EDPPH)
1411 IF (LOUT) CALL PRIOUT(65.3,4P ME, @, EDPCTH,EDPCPLH)

412 o CONTINUE
i413 ¢i CONT INUE
1414 GC TO e
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K=1, J=5

This section computes field components for all source rays reflected
by a plate and then diffracted from an edge on another plate.

Step through plates
variable = MR il

is
sourca a slot on plate -

a monopole normal to plate KR?
{LSURF=TRUE)?

P e

No

Is -
plate MR totally
shadowed from the
source?

PR i

Step throhgh plates
variable = MP
(MPER)

/CAN

plate MR illuminate
plate MP?

No

! Yes

l

Step through edges on plate MP
varible = ME

[ Specify wedge angie nunber, FN ‘J

Is
diftraction to be
handled by other (common)
edge?

Calculate field components for ray
which 1s reflected of f of plate MR
and then diffracted from edge ME of
: nlate MP {cal) subroutine RPLOPL)

'

% 81
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141y G0

1410 €Y
1417 €1t
1418

141y 11t
1420

1421 Cit
1422

142>

1424

1425

1426

1427

1426

142% C1 1
14i0 CHIY
1431
1432
1433
1434
1435
1430
1437
1458
143¢%
| 4

P iy oy )
0 —

|

Superimpose reflected diffracted
field components with those
previously calculated

]

Go to 1000

CONTINUE

LOOP THRU THE VARIOQUS REFLECTED/DIFFRACTED FIELD TERMS,
INCLUDE COKNER TERM IF DESIRED BY INPUT DATA.

DO 72 Mk=1,MPXR

I+ SLOT ON PLATE,THEN NO RZFL/DIFF FIELD.
IF(LSURF (%R)) GO TO 72

I¥ PLATE #MR IS SHADOWED,THEN NO REFL. FIELD

IF (LSHD(¥R)) GO TO 72

DO 71 MP=1,MPX

IF (MP.EQ.ME: GO TO 71

[F(LIHD(MR ,KP)IGO TO T1

MEX=NEP(MP)

DO 7¢ ME=1,4EX

EN=rHP (WP, KE)

IF FXN<d THEM HAVE COMWON EDGE ON

OTHER PLATE COMPUTE DIFF. FIELD.

IF(FN.L1.9.) GO TO 7@

CALL RPLDPL(ERPDT,ERPDP,ERPDCT,ERPDCP, FI,ME, 4P MR)
ETH=E{H+ERPDT+ERPDCT

EPH=CPH+ £ii PL P+ER PDCY

[EC(LCJT) CALL PRIOUT(7A0,4F,MP,ME,ERPDT,ERPDP)

IF (LOUT) CALL PKIOUT(T54,4R,!P,ME,ERPDCT, ERPDCP)
CONT INUE

CONTINUE

CONTINUE

GO 10 166
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PRSP

K=1 J=b

This section computes field components for all source rays diffracted

from a plate edge and then reflected off of another plate.

Step through plates

variable = MP

Is
plate MP totally shadowed
from source?

Yes

Step through edges on plate MP

variable = ME

Specify wedge angle number, FN l

[s
diffraction to be handled by
other (common) edge?
FNQ?

Step through plates
variable = MR

(MRAMP)

Can
plate MP illuminate
nlate MR?
(L1HD=FALSE?)

Yes

Calculate field components for source

ray diffracted from edge ME of plate

MP and then reflected off of plate MR
(call subroutine DPLRPL)

Superimpose diffracted
ref lected field components
with those computed previously

L

Go to 1000

83




1441 508  CONTINUE

1442 Ct1!  COMPUTE THE VARIQUS DIFFRACTED/REFLECTED FIELDS.
1443 Ct1! INCLUDE CORNER TERM IF DESIRED BY INPIIT DATA.
1444 DO 82 MP=1 ,MPX

1445 C11! IF PLATE IS SHADOWED,THEN NO DIFF/REFL FIELD.
l440 IF(LSHD(MP)) GO TO 82

1447 MEX=MEP (4P}

1448 DO 8! ME=i ,MEX

1449 FN=FNP(MP, ME)

1450 IF(FL.LT.0.) GO TO BI

1451 DC 8U Mf=1 ,MPXR

1452 IF(MR.EC.MP) GO TO 8@

1453 IF(LTHD(MP ,NR))IGO TO 80

1454 CALL DPLRPL(ENRPT, EDRPP, EDCRPT ,EDCRPP, FN,ME, ¥P (MR}
1455 ETH=ETH+EDRPT+EDCRPT

1456 EPH=EPH+EDRPP+EDCRPP

1457 IF(LOUT) CALL PRIOUT(80L%,:14P,ME, R,EDRPT, EDRPP)
1458 [F (LOUY) CALL PRIOUT (850 ,\P,ME,MR,EDCRPT,EDCRPP}
1459 t0 CONTINUE

1400 81 CONTINUE

1461 &2 CONT INUE

1462 GO TO leid

84
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K=1, J=7

This section identifies double diffraction shadow boundaries.

Was single
Jiffraction shadow
boundary crossed since last
pattern angle?
(10D(11)<0)

Yes

Specify number of edge (ME) and
plate (MP) wnere basic ¢iffraction
occurred and plate which shadowed

diffracted ray (MPP;

. |
! L
’ Write the message noting preseice

of double diffraction and
indicate plates wnvolved

' Go to 1000 l

1403 S¢¢  CONTINUE

tde4 CLI! CHECK TU SEE IF DOUBLE UIFFRACTIONS OCCUR.
l4oo C!iY  IF SO, INDICATE IN OUTPUT FILE,

l4oo IFCI0DCIT) JGE.¥)GO TO v
1407 ME==IDD(1]1)/7409
1468 MPw=1DD(T[ ) /7204 EX20
ldoy UPPmalLI(] ) =ME*4P0=NP*2)
147 IF(LGRND AND.XPP.CE.MPXK) GO TO 911
1471 IF(MPP.EQ.G) GO TO 912
1472 RRITECO Y1301, KPME, HPP
‘ 1473 v13  FORMAT(? DOUBLE DIFFRACTIOH AT ANGLEw 7,13, FROM PLATE® #
1474 2412,¢ EDGE# #,12,7 1S SHADOWED BY PLATE# 7,[2)
147% GO TO 911

1456 ¢12  HMRITE(6,%14) [ MP,ME
1477 v14  FOKMAT(? DOUBLE DIFFRACTION AT ANGLE= ’v13,% FROM PLATE® ~

1478 2412,7 EUGE# #,12,7 1S SHADOWED BY THE CYLINDER’)
147y o1l CONTINUE
1480 GO TO ITeie
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K=2, J=1

This section computes the source field and the

the cylinder. |

Was source
field calculated in
plates computations?

Compute field components
of direct fieid from source
{call subroutine INCFLD)

g

Want
source pattern only?
(LSCR=,TRUE.)

No

Yes

{call subroutine SCYCYL)

Compute fields scattered from cylinder

Sum incident and cylinder
field components

I

l G to 1000 l

bdoo 1yl CONTINUE
bdp4 C8Y COMPUTE DIRENT FIELD FROM SOURCE

1 4y% [F(LPLAY GO TO 12

i 480 CALL [MCFLDCEITH,EIPH, LSCR)

Lay7 E1H=EI TH

1450 LPHel] Pk

taay [ECLSOK)Y GO TO 100

awp 12 CONY{ [ UL

T4y b Gl COMPUTE SCATTERED FLELD BROM CYLIMNDER
lav, CALL SCTCYLC(ESTHLSPH, ERTH,ERPK)
14y 2 ETHeLTHe S TH

fav e EPHeEPHeESPH

tdws FECLNOTLLQUT)Y GO TO 1y

bavo CALL PRIGUTCIQ, 3, G0 BT E1PH)
ey CALL PRICUT( 1200, Uy O € g EMTH, EaP1)
14y CALL PRIOUT(139,4,¢,0, ESTH,ESPH)
144y GO TO ted

B e L - - o v
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K=2, J=2

This section computes fields reflected from cylinder end cans.

Step through end caps
variable ~ MC il

Is
source a slot on end cap or a
dipole normal to ~ad cap surface?
LSRFC{MC)=TRUE

Calculate field components for
source ray reflected ‘rom
end cap ¥
{cal) subroutine REFCAP)

1

Sw field components for
the two end caps

T

Go to 1000

Ious) b0 CONTINUE

Idl CHUE COMPUTE ALL POSSIBLE REFLECTED F -
1562 U 15 HCwl 2 ; TED FIELDS FROM END CAPS

PS03 CHIL TR ANTENNA 1S ON ENUCAP NO REFLECTED FIELD FRON END CAP

Foed LECLSRFLNC)) GO TO 15

19us CALL HEFCAP(ERCAT,LRCAP,NC)

[ 9ee ETHaRTHeENCAT

:?nl EP?-EPH*EHCAP

Y TEGLOUTY JALL PRIODUT 159, f

et CoNT T JOUT €154 ,C, @, A, ERCAT,ERCAP)
i%ie GO TU ieew
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K=2, ¢=3

This section computes field components for all source rays diffracted
from the cylinder end cap rims.

Step through end caps
variable » MC

Calculate field components of
source ray diffracted from rim
of end cap MC
{call subroutine ENDIF)

[

Go to 1000

Tttt Wt COMTINUE . . i
Ialg Lt COMPYTE ALL POSSIBLE UIFFRACTED FLELDS FROM END CASS
1ol UU 5 MCa1,2

ivia CALL ENDIF(EDCTHEQCPH MC)
ioty t:THaZTHeEDCTH
Inle EPPaPHe cNCPH
IS LFILOUT) CALL BRIOUT(S¢ MC, @, @, EDCTH, ENCPH)
toid b CONT Lhive
1ais LU 10 1edY
88
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K=3, J=1

This section computes field components for all source rays which are
reflected from a plate and then scattered by the cylinder.

Step through plates .
variable « MP

|

Is
source a slot on the
plate or & dipole nounted normal
to the plate?
{LSURF (MP) *TRUE)

ls
plate MP totally shadowed
from source?

Calculate field components for
source ray which s reflacted
of f of plate MP and then scattered
by the cyliader
{call sudroutine RPLSCL)

I

Sup reflected yeattered fialy .
corpgrents with thoss c3l- '
culated previcusly

T |

19¢d &9 CONTIHULE o .
1923 CLID CUOMPUTE ALL POSSINLE FIELDS REFLECTED FROM THE PLATES THEN
1524 CII SCATTURED FuQu THE CYLINDER

192% DU 2v HPe) (KPXR
1920 LI Jr ANTERNA 1S ON PLATE, TMEN NO REFLECTED FIELD
1527 PF(LSUEF(NP)) GO 10 29

1528 CH1! 1F PLATE SHADOMED, THEM %0 REFLECTED FIEWD
1492¢% 1 (LSHBHEP Y)Y G2 TO 29

1%3¢ CALL “PLSCL(ERDST, EUPSP, ENPCT, ERPCP, WD)

1921 ETHeETHOERDST

1532 EPHeLOHeEHPSP

1503 e CROTLLGHTE GO To 2

ERY CALL PHIGUT(24t8,5:0 0,8, ERPCT  ENPCR)

1435 CALL PRICUT(290,#P 0,0, ,ENPST ERPSD)

1930 &% COnT1iuE

1937 oo 1IN 1w

i 89
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K=3, J=2

This section calculates field components for all source rays scattered
from the cy11nder and then reflected from a plate.

Step through plates
(variable = MP)

Calculate field components of
ray scattered from the cylinder
and then reflected from plate M?

{call subroutine SCLRPL)

Superimpose field components for
scatter-reflection with those
previously calculated

So to 1000

1958 4¢0 CONTINUE
155% €t COMPUTE ALL FOSSIBLE FIELDS SCATTERED FROM THE CYLINDER THEN
ivew Lt REFLECTED FRCM THE PLATES

o1 DO 44 U4P=1 MPXR

1542 CALL SCLRPL(ERSPT,ERSPP,ERCPT, ERCPP MP)
1943 ETH=ETH+ERSPT

154 EPHisEPH+LRSPP

194% IF(.NOT.LLOUT) GO TO 49

1240 CALL PRIOUT(A10O,MP 0,00 ,ERCPT ERCPP)
1947 CALL PRICUT(A20, 1P, U0 ERSPT ,ERSPP)
fosl 4u CONTILUE

1Hay GC TO 1vlw
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K=3, J=3

This section Pomputes field components for all source rays reflected
[roim the cylinder and diffracted from a plate edge.

Step through plates | I
{variable = MP) . | .

Can -
ylinder reflectes field possibly
illuiinate plate MP?

Yes

tep through edges on plate WP
{variable = ME)

t
}

[_' Specify wedge angle number, FN ‘J‘

. 1
iffraction %o be handled
by otner (zommon) edge?

d

§

Calculate Field components for source
ray reflectes by tha cylinder and then
diffracted of f of edge ML of plate M

(call subroutine CLDPL)

|

Sa reflected-diffractea field
components with those previously
calculated

i

Go to 1000

1958 $4¢ CONT INUE
Iuhb L1t COMPUTE ALL POSSIBLE FIELDS REFLECTED FROM THE CYLIMNDER THEN

1592 Lt DIFFRACTIED FROM TrE PLATES

1952 DO Y1 MPal MPX

ishd Ct!Y IF PLATE SHADOWED, THEN NO DIF#RACTED FIELD
1555 IF(LSHL(MP)) CO TO 9! ‘

1550 MEX=MEP(MP) . :

1557 DO v ME=]  MEX

19ob FN=F2{NP ME)

I sy IF(FH.LT.0.) GO TO &

I nox CALL %LLDPL(CHULH.:PDPH..n.vE.PP) :

Inol ETH=1H ~ERDTF °

Is¢s EPH=EPH+ERI'OH :

Iv03 [FCLOUT) CeLL PRIOUT Q4 MP,ME,OL,ERDTH, ERDPH)
In04 s CONTINUE

1509 %1 CONTINUE

I1b006 GO TO e

9
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L K=3, J=4
' . This section computes field components of all source rays diffracted
from plate edges and then reflected from the cylinder.

Step through plates -
{variable = MP)

Is
plate MP totally
shadowed from the
source?

b
Step through edges on
plate MP P

{variable = M)
¥

A<

Can
Bdge result in field reflecte
from the cylinder?

No

Specify wedge angle number, FN
T

Is
diffraction to be handled by
gther (common) edge?

Compute field components of
source ray diffracted by
edge ME of plate MP and then
reflested by the cylinder
{call subroutine DPLRCL)

Sum field components of
diffracted-reflected ray to
those calculated praviously

l

Go to 1n0C
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1567 %50
1568 C!!!¢
1509 €1t
1576
1971 C1 4!
In72
15735
1574
1575 CL i
1976 Ci 1
1577
1578

~197%

18w
b1
1982
1983

FA e s v e etk ity oy e R L CON RIS LA

CONTINUE

COMPUTE ALL POSSIBLE FIELDS DIFFRACTED FROM THE PLATES THEN
REFLECTED FROM THE CYLINDER

DO 96 MP=1,MPX

IF PLATE SHADOWED, THEN NO DIFFRACTED FIELD

IF(LSHD(MP))Y GO TO 96

MEX=MEP(MP)

DO 95 ME={  MEX

{F EDGE DOES NOT HAVE STRONG FIELD REFLECTED FROM CYLINDER
BYPASS SUBH.

IF(.NOT.LDC(NMP ME))} GO TO 95

FN=FNP(MP, ME) .

IP(Po.LT.ﬂ.) GO TO 95

CALL DPLRCL(EDRCT,EDRCP,FN, ME,MP)

ETH=ETH+EDRCT

EPH=EPH+EDRCP

IF(LOUT) CALL PRIQUT(954,MP, ME .0 ,FDRCT (EDRCP)
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SYMBOL DICTIONARY

A
ALK

AS
AXCYL
AYCYL
AZCYL
B

bLk
BPL

CAS
(1
Ccht
CT1¢
CTHS
EUCRH
EDCHPP
EDC b

LDCAPT

EDPCPRH
EDPCYH
ELPR
ELDPTH
EDkCP
EDRCT
ELLPP
EDkPY
b IPH
cliH
EPE
ePhl
EnCAR
ERCAY
ERCPr
Bl
e )il
el
R EWY
[Ny

Bl

RADIUS OF CYLINDER ALONG X AXIS IN WAVELENGTHS

ANGLE THAT COMVEKTS FIELD POLARIZATION FROM

REFERENCE CCORDINATE SYSTEM TO PATTERN CUT

COOKDINATE SYSIEM

PI-THSK

VARIABLES UCED TO DETERMINE I[F THE CYLINDER COORDINATE
SYSTEM IS THE SAME AS THE REFERENCE COORDINATE SYSTEM
(BEFORE RCS TRAMNSFORMATICON)

HADIUS OF CYLINDER ALONG Y AXIS IN WAVELENGTHS

BPL IN KRADIAMS

ANGCLE THAT COMVERTS FIELD POLARIZATION FROM PATTERN
CUT COORDINATE SYSTEM TO A KECEIVER COORNINATE SYSTEM
(NOT PRESENTLY IMPLIMENTED)

COSINE OF AS

CUSINE OF TETPR AND THTNR

COSINE OF PHSR

COTANGENT OF THTPR AND THTHR

COSINE OF THSR

PHI COMPONENT OF FIELD DIFFRACTED FROM END CAP

RIX IN RCS

PHI COMPOHENT OF FIELD DIFFRACTED FROM CORNERS OF ENGE
e CF PLATE MP AND THEN REFLECTED BY PILATE MR (CORNER DIF)
THETA COMPONENT OF FIELD DIFFRACTED FROM END CAP

RIM IN RCS

THETA COMPONENT OF #1ELD DIFFRACTED FROM THE

CURNERS OF EDGE ME OF PLATE MP AND THEN REFLECTED

BY PLATE MR (CORNER DIFFRACTION)

PHI COMPOMENT OF FIELD DIFFRACTED FROM CORNERS

OF EDGE ME OF PLATE NP

THLTA CGMPONENT OF FIELD DIFFRACTED FROM CORNERS

G- EDGE ME UF PLATE MP

PHI COMPONENT OF FIELD DIFFRACTED FROM EDGE ME OF
PLATE MP [i! RCS

THETA COMPONENT OF FIELD DIFFRACTED FROM EDGE ME

OF PLATE MP IM RCS

Pii COMPONENT OF FIELD DIFFRACTED FROM ENGE ME OF
PLATE MP sND REFLECTED FROM THE CYLINDER

THETA COMPONENT OF FIELD DIFFRACTED FROM FDGE ME OF
PLATE MP ANl REFLECTED FROM THE CYLINDER

Pill COMPONENT OF FIELD DIFFRACTED FROM ENGE ME QF
PLATE ME AMD THEN REFLECTED BY PLATE MR (EDGE DIF.)
THETA COMPONENT OF FUELD DIFFRACTED FROM EDGE ME OF
PLATE MP AND THEM REFLECTED BY PLATE MR (FDGE DIFF.)
PH1 COMPONENT OF DIRECT FIELD FROM SOURCE IN RCS
THE1A COMPONENT OF DIRECT FIELD FROM SOURCE IN RCS
PHI COMPOWENT OF SCATTERED FIELD IMN RCS

PHI COMPONENT OF TOTAL CALCULATED E FIELD IN

PATTERN CUT COURDINATE SYSTEM

PH1 COMPUNENT OF FIELD REFLECTED FROM CYLINDER

ELD CAP IN KCS

THETA COMPONENT OF FIELD REFLECTED FROM CYLINDER

END CAP lil KCS

PHI COMPONENT OF GEOMETRICAL OPTICS FIELD REFLECTED
FuC. CYLINDER, AND THEN REFLECTED FRCM PLATE MR

THE COMPONENT Or GEQMETRICAL OPTICS FIELD REFLECTED
Fitdd CYLINDER, AND THEN REFLECTED FROM PLATE MR

PHT COMPOMENT OF FIELD REFLECTED FROM CYLINDER

AND DIFFRACTIED BY EDGE ME OF PLATE MP

THETA COMPONENT OF FIELD REFLECTED FPRO, CYLINDER

AND DIFFRACTED BY EDGE ME OF PLATE MP

Pl COMPONENT CF GEOMETRICAL OPTICS FIELDP REFLECTED
CY PLATE 1R AND TMEN SCATTEREN RY THE CYLIMDFR

THETA COAPORENT CF GEOMETRICAL OPTICS "TELI’ REFLECTEN
BY FLATE MR AND THEN SCATTERED BY THE CYLINDER

blil COMPONENT OF FIEU) REFLECTED RY PLATE MR AND
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e ry

EkPLCT

EkPLP
EkPLYE
ERPH

ERPPH
ExPSP

ERPSY

ERPTH
ERRPP
EHRPY
EREPP
EHLPT
EHTH
ESPH
ESTE
ETH
ETHT

N
FHQG

IBP

HPUX
dpp
Ty
NSV
nl
nJ
PHb

DIFFRACTED LY THE CORNERS OF EDGE ME OF PLATE MP

(COHRNER DIFFRACTION)

THETA CO#PONENT OF FIELD REFLECTED BY PLATE MR AND

DI FSRACTED BY THE CORNERS OF EDGE ME OF PIATE MP

(CORNER DIFFRACTION) ,

PHI COMPOMENT OF F]ELD REFLECTED BY PLATE MR AND

DIFEHACTED BY ENGE ME OF PLATE MP (EDGE DIFFRACTION)

THETA COMPONENT OF FIELD REFLECTED BY PLATE MR AND

DIFFRACTED EBY EDGE ME OF PLATE MP (EDGE DIFFRACTION)

oI COMPONENT OF GEOMETRICAL OPTICS FIELD

HEFLECTED FROM CYLINDER

PHI COMPONENT OF FIELD REFLECTED FROM PLATE MP IN RCS

PHI COMPONENT OF FIELD REFLECTED BY PLATE MR

AND THEN SCATTERED BY THE CYLINDER

THETA COMPOMENT OF FIELD PEFLESTED BY PLATE MR,

AND THEN SCATTERED BY THE CYLIMDER

THETA COMPONENT OF FIELD REFLECTED FROM PLATE MP

PHI COMPONENT OF FIELD REFLECTED FROM PLATE MP

AND THEN PLATE MPP [N RCS

THETA COKPONENT OF FICLD REFLECTED FROM PLATE MP

AND THEM PLATE MPP IN RCS

PHI COMPONENT OF FIELD SCATTERED BY THE CYLINDER

AND THEM REFLECTED BY PLATE MR

THETA COMPONENT OF FIELD SCATTERED BY THE CYLIMDER

AND THEN REFLECTED BY PLATE MR

THE1A CONPONENT CF GEOMETRICAL OPTICS FIELD

KEFLECTED Fho# CYLINDER

PHI COMPQNENT OF FIELD SCATTERED BY CYLINDER IN RCS

THETA COMPOMENT OF FIELD SCATTERED BY CYLIMDER IN RCS

THETA COMPOMENT OF SCATTERED FIELD IM RCS

THETA COMPONENT CF TOTAL CALCULATED E FIELD IN PATTERN

CUT COORDIMATE SYSTEM

HEDGE ANGLE [NDICATOR OF EDGE ME OF PLATE MP

THE FREQUENCY IN GIGAHERTZ

DO LCOP VARIABLE

PATIERN ANGLE LOWER LIMIT PLUS ONE

PATVERN ANGLE UPPER LIMIT PLUS ONE

DO LCOP VARIABLE USED TO STEP THROUGH PATTERN ANGLE

CHAHACTER STRING USED TO INPUT COMMAND DESIRED

INCKEMENT ON PATTERN AMGLE

CHARACTER STRINGS CONTAINING COMMAND VARIABLES FOR

DATA INPUT

CHARACTER STRINGS USED AS COMMAND VARTABLES SOR

DATA INPUT

DO LOOP VARIABLE USED TO STEP THROUGH INDIVIDMIAL

GTD TERMS

DO LOUP VARIABLE USED TC STEP THRU MAJOR GTD GROUPINGS

CHAKACTERS LSED TO SPEVIFY UNITS USED TO INPUT DATA

%gGégAL VARIABLE SET TRUE IF NFC SOURCE DATA HAS
Ut

LOGICAL YARIABLE® SET TRUE IF RCS TRANSFORMATION [S NOT

T0 BE PERFORMED

IHDEX VARIABLE FOR CORMERS

IHDEX VARIALLE FCR ENGES

MAXTMUM NUMEER OF EDGES ALLOWED ON ONE PLATE

NuMBEK OF EDGES ON PLATE MP (MNOT AN ARRAY)

INDEX VAHIABLE FOR PLATES

MAXIMUM HUMLER OF PLATES ALLOWED

INDEX VARTABLE FOli PLATES

INDEX VARIABLE FOk PLATES

INDEX VARIALLE FOR SOURCES

MAXINUM MUMEER OF SOURCES ALLOWED

INUEX VANLABLE

INDEX VARIAFLE

[40EX VARIABLE

PHI ANGLU DEFINING PATTERN ANGLE IN PATYERN CUT
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PHPR
PHSK
SAS
SASP
SNC
SPL
STHS
THP

THPR
THSk
THTNR
TH1PR
TPPD
UNIT

VXS

nl
KCL
YCL
LCL
XCG

XCoh

XC0
XPC
YPC
ZPC
XPo
YPD
ZPD
X3

XXX
2C

CUUKDINATE SYSTEM
PHl COUMPONENT OF PATTERN ANGLE IN PAT CUT COORD SYS
PHI COMPONENT OF PATTERN (OBSERVATION) ANGLE [N RCS
SINE OF AS
SIN(AS=P1/2)
SINE OF THTPR AND THTNR

SINE OF PHSh
SINE OF THSR
THETA ANGLE DEFINING PATTERN ANGLE IN PATTERN CUT
COOKDINATE SYSTEM
THETA COMPONENT OF PATTERN ANGLE IN PAT CUT COORD SYS
THETA COMPONENT OF PATTERN (OBSERVATION) ANGLE IN RCS
ANGLE NEGATIVE END CAP MAKES WITH Z AXIS (IN X=Z PLANE)
ANGLE POSITIVE END CAP MAKES WITH 2 AXIS (IN X=Z PLANE)
PATTERN ANGLE WHICH REMAINS CONSTANT
CONVEHSION FACTORS TO CONVERT FROM METERS, FEET.
Ok INCHES TO METERS

X,Y,Z COMPONENTS DEFINING SOURCE COORDINATE
AXES IN HCS ROMPONENTS

(CONPLEX) WEIGHTING COEFFICIENT OF SOURCE EXCITATION
X,Y.Z COMPONLNTS DEFINING AXES OF CYLINDER
COORDINATE SYSTEM (BEFORE RCS TRANSFORMATION)

(IN KCS COMPONENTS)

X.Y,Z COMPOMENTS OF LOCATION OF CYLINDER COORDINATE
SYSTEM ORIGIN IN RCS (BEFORE RCS TRANSFORMATION)
DISIANCE BETKEEN RCS ORIGIN AND CYLINDER COORDINATE
SYSIEM ORIGIN
CONSTANT (=¢,8,@)
X,Y,Z COMPONENTS DEFINING AXES OF PATTERN CUT COORDINATE
SYSTEM AFTER RCS TRANSFORMATION

(I1l RCS CCMPONENTS)

X,(,2 COMPONENTS DEFINING AXES OF PATTERN
CUT COORDINATE SYSTEM (IN RCS COMPONENTS)

(BEFORE RCS TRANSFORMATION)
E.Y.% COMPONENTS OF SOURCE LOCATION (INSIDE SOURCE

voP
CUMPUTATIONAL VARIBLE

PUINT WHERE UPPER AND LOKWER CYLINDER END CAPS MEET THE
Z AXIS OF TRE KCS

96

«




-

»

1

b

t

PN
.

TR TR R A IR AT TR AR B

—— e — — — —

R e R N A A TR

BABS

PURPOSE

This function computes the absolute value of a complex argument.
It is similar to CABS, except it avoids run time errors when the real
part and imaginary part of the argument are zero.

METHOD

The system function CABS is used unless the absolute value of
the real part and the imaginary part of the argument are close to
zero, in which case a very small value is returned.

SYMBOL DICTIONARY

X ABSULUTE VALUE OF THE REAL PART OF Z
Y ABSULUTE VALUE OF THE IMAGINARY PART OF Z
Z THE COMPLEX ARGUMENT

CODE LISTING

[ -— — -—

2 , FUNCTION BABS(2)

o Lt

4 &!!! THIS KuULIIME 1S USED TO GIVE COMPLEX ARSOL'TE VALUES. IT IS
§ C1!) USED KATHEK THAN STAMDARD ROUTINES TO AVOID EXECUTION
o Cl!! EKRORS.

YIRS &

! CONPLEX 2

4 X2ABSC(REAL(Z )

v YaARS{AIMAG(Z))

| IECN LT, e B=1, AN Y.LT. 1LE=11) GO TO 1@

2 BABS=CALS(Z)

3 RETURY

o It BARSmI E~10

. RETURN

¢ END
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BLOCK DATA .
PURPOSE .
To Toad commonly used data into the common area.
CODE LISTING ,
|
¢ =
2 BLOCK DATA
3 Crt
4 ci i i LOAD CONMONLY USED DATA INTO COMMON AREA. l
5 ¢
o COMPLEX CJ,CPI14,TOP 4
7 COMMON/PIS/PI,TPI,DPR,RPD .
8 COMMON/COMP/CJ ,CP] 4
y COMMON/10PD/TOP ‘
19 DATA PI,TPI,DPR,RPD/3.14159265,6.28318531,57.2957795, .
1" 20.8174532925/
12 DATA CJ,CP14/(@.,1.),(.70710678,~.78710678)/ 't
13 DATA TOP/(=.78713678,.78718678)/ i
I4 END é.
t
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’ BLOG10
PURPOSE

>

gy

This function computes the logarithm to the base ten of the argu-
. ment. It is similar to ALOG10, except it avoids run time errors when
3 the argument is zero.
&

METHOD

{ The system function ALOG10 is used unless the argument is close
to zero, in which case the logarithm of the limit number is returned,

SYMBOL DICTIONARY

X ‘iHe ARGUMENT OF THE FUNCTION

CODE LISTING

1 ¢ —
2 | FUNCTION BLOGIQ(X)
KERE
o (LY THIS wOUTINE AVOIDS THE ERHOR ASSOCIATED WITH THE
o L11L ALOGIG CF A ZERO NUMBER.
o LIt
“ BLOG 1vim=1d),
{ Y RETUHY
! g | BLOG 1= ALOGT B¢ X)
{ il RETUNN
12 D
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BTAN2

second

METHOD

X
Y

P

PURPOSE

argument.

argument is zero.

SYMBOL DICTIONARY

This function computes the two argument arctangent Function.
It is similar to ATAN2, except it avoids run time errors when the

The system function ATAN2(Y,X) is used to return the angie in
radians, whose sine is Y and cosine is X unless the second argument
or both of the arguments are zero.
either w2 or -w/2 is returned depending on the sign of the first
If both arguments are zero, a zero value is returned.

If the second argument is zero,

SECCND ARGUMENT, WHICH 1S THE COSINE OF THE ANGLE TO

BE COMPUTED

FIRST ARGUMENT, WHICH 1S THE SINE OF THE ANGLE TO

BE COMPUTED

CODE LISTING

(SR}
WL
(NN}
o

-
AL XL

[Vt

W

-
L]

w

- —— o
[E T A S 11

-
-

FUNCTIQN BTAN2¢Y,X)

THIS HOLTINE 1S USED TQ COMPUTE TiE ARCTAMNGENT, IT IS
SIMILAK TO ATAN2 LXCEPT IT AVOILS THE KUN TIME ERRORS.

CURRON/PTS/P1 , TPL (PR, kPN
IFCABSEND GT.1.E=18) GO Tu 5¢
IFCABS(Y) .61 LE=10) GO TO 19
BTAN2w=0., o
KETURN

BTAL2=P1 /2.

IF(Y.LT.0,) ETAN2e=ATAN2
ETUKN

ATANZ®ATAN2LY,X)

RETURN

END
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CAPINT
PURPOSE

To determine if a ray traveling from a given source location in

a given direction will hit a cylinder end cap.
PERTINENT GEOMETRY

~—S0URCE LOCATION
T XIS

N

\2_'
XT

SIDE VIEW

-+—SOURCE LOCATION

Xis
A

D Y

‘K

1‘09 VIEW

-y
RHO _/ T

Figure 48--Geometry of ray which hits an end cap.
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METHOD

The subroutine checks to see if a ray emanating from a source
in a given direction hits a cylinder end cap. First it checks if
the ray is aimed toward or away from the end cap plane by comparing
the sign of the dot product of the scatter direction and end cap
normal (DN} and the sign of the dot product of the source location
vector and end cap normal (AN). If the ray is directed toward the

rod cap plane as shown in Figure 48, the intersetion point with the
, ane is found from

= n AN
X=X5-0p-

The distance from the intersection point to the center of the end
cap is then compared with the radius of the end cap to determine
if the intersection point lies within the finite 1imits of the end
cap. '
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T Y IR T

{
i .
t
FLOW DIAGRAR
CAPINT (11S,0,0HIT,XD,LHITY
(HROUT VARIABLES
[} ray propagatton dirsction in RCS
M3 indicates which end cap is to be checked:
. M3<0 dotn end caps dre checked
: H0a) only most positive end cap (#))
{ 15 checked
M3a2 only mast negative and cap (#2)
is checked
. Xi5  «.y,2 companents of source {or ray
| erigin} Jocation im RCS
i
v QUIPYT RARPASLES
(81T set trye !f ray nits emd 30
31T eistnce from source %o searest ait soint
IS loc:iiem of hit palat ia ACS
{used galy if M0>Q}
Nota - XIS 1y used 33 20N 48 faput and qutsut
vartadie {f w3

r - $tee throash ¢nd cas

vartasle = M2

Jres
riy vt emg can ulavgl

J—

E‘»
H
i
E .
P i
i
i ¥y N
i ‘
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. Set LRIT = TRUE
Calculate DHT, the distance from
source to hit point,

If DHT<[HIT, DMIT » DHT
? | S—

-

" Another
end ¢3p to t2 checked?

to

‘ Returr; ]

SYMBOL DICTIOMARY

“KE
AN
CVE

DN
LHI
‘MC.
¥D

7 RHO

RHOT
SVE
VE

X1s

XT

o
DHIT

DISTAECE FROM CENTER OF EDGE CAP TO EDGE ALONG LINE

-IN X=Z PLANE

DOT PRODUCT OF VECTOR FROM END CAP TO SOURCE
AND ENDR CAP UNIT NORMAL

COSINE QF VE

PROPAGATION DIRECTION IN RCS

-'BISTANCE FROM SOURGE TO NEAREST HIT POINT

DISTAKCE FROM SOURCE TO HIT POINT

DOT PRGDUCT OF END CAP UNIT NORMAL AND
THE RAY PROPAGATION DIRECTION

SET TRUE IF RAY HITS END CAP

“END CAP INDEX VARJABLE
‘INDICATES WHICH END CAPS ARE TO BE CHECKED

SIGN CHANGE VARIABLE

DISTANCE FROM 2 AXIS TO POINT. WHERE RAY
CONNECTING THE HIT. POINT AND THE OR:iGIN
HITS THE CYLINDER (2-D)

DISTANCE FROM Z AXIS TO POINT XT

SINE OF VE

ELL ANGLE DEFINING HIT POINT

(ENTERING ROUTINE) SOURCE LOCATION
(LEAVING ROUTENE) HIT POINT (IF MD>@)
X4Y,Z COMPONENTS OF POINT WHERE RAY HITS
END CAP PLANE
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CODE LISTING

! C- - -
2 SUBKGUTINE CAPINT(XIS,D,OHIT,¥D,LHIT)
S Qe
4 Clt! DOES RAY HIT EHD CAP?
i 5 g1
i ° DIMENSICN XIS(3),D(3) ,XT(D
i 7 LOGICAL LiHIT,LDEBUG,LTEST
8 COMMQN/GEOMEL/A, B, ZC(2 ¥, SNC(2) ,CNC(2},CTC(2)
. Yy COMMON/TEST/LDEBUG,LTEST
§ v LHIT=.FALSE.
3 11 DHIT=4.
b 12 Ct1t  STEP THKU END CAPS
13 DO 49 MC=1,2
: 14 1F (M0 ME i) L AND JMC.NE KDY GO TO 40
i 15 NC=MC
i lo IF(MC.EG.2) NCx-=1
17 AN==XIS( 1) *NCXCHC( #C)I+ (XIS (3)=ZC(HC ) Ik NCRSKC(MC)
- 18 DN==NCACKC (HC) #{ 1 )4 EC*SNC (MCI*D(3)
3 1% Ctt!  DOES HAY HIT END CAP PLANE?
¥ 20 IFCANXDN.GE.0.) GO TO 40
i 21 ¢t COMPUTE PCINT XT, WHERE RAY HITS EMD CAP PLANE
22 -DO 16 N=1,3
- 23 W XTCDSXISOH) =AN*D(H) /DY
i 24 RHOT=XTC D AXTC I +XT 21T 2)+( XT(3)=2C (HC) I*(XT(3)=ZC(HC))
& 25 RHOT=SNRT{ KHOT)
26 AE=A/SNC(MC)

27 CitY IS HIT PCINT CN END CAP?

7 2b IF(REOT, ST AE, ANDLRHOT.GT.B) 5O TO 4p
; 2y IF(KHOT.LT.AE.AND. KHOT.LT.B) GO TO 2¢
- 30 VE=BTAN2 (A*XT(2) ,B*XT( 1))
2i CVE=CQS(VE)
. 32 SVE=SIN(VE)
§ 23 RHO=50KT (AE*AE *CVE*CVE+B#*is* SVEASVE)
i 34 IF(KHOT.GT.RE0) GO TO 43
35 20 CONT INUE
30 C'1! CALCULAIE DHKT, THE DISTANCE FROM SCURCE TO HIT POINT
S <7 DHT=v.
i 38 DO 3it N=1,3
! KIS DHT=UHT+ (XTO) =X ISIN 3 *(XT(N)=XIS(N))
40 DHT=SORT (IHT)+1 E=5
«l IF (LKIT.AND. (DHTWGT.DHIT)) GO 10 40
42 LHIT=.ThUE.
43 DHIT=0H1
o IF (M) .LE.D) GO TO 49
45 DO 35 N=1,3
40 3% XISCH=N1(n
47 4y CONTINUE
“«b 1F(.NOT,LTESTY RETURN
44 HRITE(O, Y0y
oY YW  FORMAT(/,” 1ESTING CAPINT SUBROUTINE’)
51 BRITE(0,*) XIS
52 WHITE(S,%) D
55 RRITE(G, %) DHIT,UDLHIT
“4 KETU N
. ) END
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CYLINT
PURPOSE

To determine if a ray travelling from a given source location
in a given direction will intersect the elliptic cylinder.

PERTINENT GEOMETRY

‘X

SOURCE
A LOCATION.
T' ~— \ XS
PHSR
A
D J »Y
\
A
T

Figure 49b--I1lustration of ray that doesn’t hit finite cylinder.
106

T A




fal

Y . L R T YT WO TP JUN L I
AT TR R TN RS RTL NTEAR R = St A B i g Do try gkt S 1 e A1 R - gk q 5

T = X BT(1) + $ BT(2)
T, = % BT(3) + § BT(4)
D =%0(1) + §0(2) + 2 D(3)
!
| z :
| */
l |
| |
| |
>
SOURCE
LOCATION ™=
XS
> 8% PHSR -

A

Figure 50a--ITlustration of ray that hits infinite cylinder
but not finite cylinder. '

XPM = X XPM(1) + § XPM(2) + 2 XPM(3)
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Figure 50b--I1lustration of ray that hits finite cylinder.

SOURCE
LOCATION

Xs

ﬁ

Wos

AVIOE

—y

Figure S51--Illustration of source which cannot 11lluminate

curved cylinder surface.
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METHOD

This subroutine determines if a ray eminating from a source
in a given direction hits the finite elliptic cylinder. First the
distance from the source to the cylinder axis is compared to the
radius of the cylinder to see if the source can illuminate the
curved surface of the cylinder as illustrated in Figure 51. If
it can not, then the subroutine checks whether the ray hits an end
cap. If it is possible to hit the curved surface, the ray is checked
to see whether or not it is aimed in the direction of the infinite
cylinder as shown in Figure 49.

If the ray travels towards the cylinder, the routine compares
dot products in order to determine if the ray will hit the infinite
cylinder:

If a'?LZ?l'?Z and 5-?2331-?2, the ray hits the infinite cylinder
(see Figure 49a).

If DoT <? T or 5-?2<?1.?2, the ray does not hit the infinite
cylinder (sée }igﬁre 49b).

The subroutine then solves a quadratic equation to determine
the intersection point. The details are given on pages 90-96 of
Reference 1. A test is then made as to whether or not this inter-
section point lies on or off the limits of the finite cylinder (see
Figures 50a and 50b).
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FLOW OIAGRAM

CYLINT (X$,0,PHSR,DHIT LHIT,LBOF)

INPUT VARIABLES
XS x,¥,2 components of source location

gorggoint from which ray originates)

n RCS

0 x,¥,2 components of ray propagation
direction in RCS

PHSR ghingglponent of propagation direction
n

LBOF set true if ray origin point, X5, is not
the actual source location

OUTPUT VARIABLES
DHIT distance from source to nearest hit point
LHIT set true If ray hits cylinder or end cap

[ LHIT = .FALSE. ]

Can
source i1luminite

cylinder curved surface No

compare radid

Yes

Does
ray travel towards
cylinder?

Yes

Specify unit vectors of source
rays tangent to cylinder (2+4)

Does
ray hit infinite
cylinger?
{compare dot products

> No

Tes
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Calculate two hit points on

infinite cylinder and compute N

distance from source to each 0
hit point

1
i

Specify hit pdint closest
to source

Is
hit point on finite
cylinder?

No -

Yes

Is
source inside
¢yl inder?

e

LHITs TRUE.

|

Set LHIT = TRUE
Calculate DHIT, the distance
from source to hit

| Return l

( LHIT =« FALSE I

Return

m

Set LHIT = TRUE
compute DHIT
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SYMBOL DICTIONARY

BM
BPL
BID

CPS
CVE
D

D12

YRR
PR
15

e —

i

PARAMETER USED IN COMPUTING HIT POINT |
PARAMETER USED IN COMPUTING HIT POINT 2
X AND Y COMPONENTS OF UNIT VECTORS OF SOURCE RAYS TANGENT
TO CYLINDER

COSINE OF PHSR

COSINE OF VE

RAY PROPAGATION DIRECTION IN REF COORD SYS

DOT PRODUCT OF SOURCE VECTORS TANGENT TO THE CYLINDER

(IN X=Y PLANE)

DOT PRODUCT OF THE PROPAGATION DIRECTION AND T! TANGENT
UNIT VECTOR

DOT PRODUCT OF THE PROPAGATION DIRECTION AND T2 TANGENT
UNIT VECTOR

DISTANCE FROM SOURCE TO (NEAREST) HIT POINT

DISTANCE FROM SOURCE TO HIT POINT |

DISIANCE FROM SOURCE TO HIT POINT 2

DOT PRODUCT OF SOURCE VECTORS TANGENT TO THE CYLINDER (X-Y PLANE)
DOT PRODUCT OF RAY FROM ORIGIN TO SQURCE AND PROPAGATION
DIRECTION (IN X-Y PLANE)

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE |
COMPUTATIONAL VARIABLE

COMPUTATIOMAL VARIABLE

SET TRUE IF RAY ORIGIN XS IS NOT THE SOURCE LOCATION

SET TRUE IF RAY HITS CYLINDER OR END CAP

PHI COMPONENT OF PROPAGATION DIRECTION IN RCS

AADIUS FROM Z AX1S TO POINT WHERE RAY FROM ORIGIN TO SOURCE

INTERSECTS THE CYLINDER

DISTANCE FROM SOURCE TO Z AXIS

SINE OF PHSR

SINE OF VE

COMPUTATINNAL VARIABLE

X COMPONTNT OF TANGENT UNIT VECTOR, TI

X COMPONENT OF TANGENT UNIT VECTOR, T2

Y COMPONENT OF TANGENT UNIT VECTOR, T!

Y CCMPONENT CF TANGENT UNIT VECTOR, T2

ELL ANGLE OF SOURCE LOCATION IH ERCS

ELL ANGLE DEFINING MIT POINT 1 ON CYLINDER IN BRCS

ELL ANGLE DEFINING HIT POINT 2 ON CYLINDER IN ERCS

ELL ANGLE DEFINING HIT POINT ON CYLINDER -

CLOSEST TO SQURCE

NOT USED

USED IN SEVERAL CASES TO DEFINE HIT POINT

(X,Y,Z COMPONENTS IN RCS) ON CYLINDER .

{USED IN VARIOUS FORNS}

SOURCE LOCATION (OR POINT FROM INGH RAY ORIGIHAIES) iN RCS
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CODE LISTING

cco o
PR A4
podbind

ECO OV &N -

Tufo—

-

-—
(5,

1N el

-—
-

L ol -4

")
<

#,

[N
G -

» Do

oo
-
PO
poniyntping

o-
P

pes

SUBROUTINE CYLINT(XS,D,PHSR,DHIT,Li{lT,LBDF)
DOES RAY HIT CYLINDER?

DIMENSION D(3),X5¢(3),VIDL2),BTD(4)
LOGICAL LHIT,LBDF,LPLA,LCYL,IDEBWS,t TEST
COMMON/ZGEOMELZA,B,2C(2),SHC(2) ,CN2(2 ), CTC(2)
COMNMON/PIS/PI,TPI,DPR,RPD
COMMON/ENNSCL/DTS,VTS(2) ,BTS(4)
COMMON/ZLPLCY/LPLALLCYL
COMMON/TEST/ZLDEBUG,LTEST

LHIT=.FALSE.

DHIT=d.

IF{.NOT.LCYL) GO TC 50

RHOS=SQhT( XSC1)®XS(1)+XS(2)*XS(2 )2

CAN SQUKCE [LLUMINATE CYLINDER SURFACE?
IF(RROS.GT.AANDRHIS,GT,.3) CC TQ &
IF(RHOS.LT.A.ANDRROS.LT.B) GO TO 29
VE=BTAN2 (A®XS(2) ,U5%XS( 1))

CVE=COS(VE)

SVEaSIN(VE)
RHOE=aSQhT( AR AXCVERCVE+Bw RSV ERSVE)
IF(RHDS.LE.KEQE) GO TO 30

CONTINUE
CPEaCUS(PHSR Y

SPS=SIM(PHSH)

DXY=XS( 1) wCPSeXS(2)%52S

DUES wAY TRAVEL TO®ARDS CYLINDER?
(CHECS SIGH OF DOT PROMDNICT OF PRCP. DIR AMD
SOURCE LOCATION VECTCR)

TEWAY.CGl.0.) GO TO S¢

[FLLIVE) GO TO 12

SPECIFY CYLIKDER TAMCENT UMIT VECTCHE
122079 : i
TatwsSe 1)

TYIm3TS(2)

TX2=87S5(3)

TY2=H S( )

Q TI 2¢ ’
CALL TARGEETU, VT BID, XS)

Hi2=0T0

Talapgyhe i)

IRALEIOIFI N

TA2=PIDEAY

TY2eiTDtQ)
CUNTINLE

GUIeUPSeT 5 1e398w 7YY
C2alDSe Rl RS0 TYY

CURPARL JOT MGIUCTE T DETERMINE I8 way HITT
ISE{NgE CvLinkdu o A

;P‘D;_H .LT.DM.W.@’Q.&.T-DIE) GO 70'53"
reAe3PS o .
- Gmabalpt

T e XSTI ISP L=X5(2)0CPS -

riiep o -

Foup se( 2(

LREMIN 89
o pUMerHeS s pGuUIE
fEEGLLT. 8. Y G TO
EPLRTLFR O STRT LGN I7EL)
B { ER I G0RT L GE 3 2E0)
g o SR R IR Bt

VELEDL AT T8, 3L

TSR lepaptial )0
Conpyoe TWo B WINTS AR SOy MISTANKGE

n3

A A e ) Mt k. WA A s
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07 C41f FROM SOURCE 10 BACH POINT -

o8 VHsBTAN2(TOP,BH)

oy XPM=A*COS( VPL) .
70 YPMsB*SIM( VPL)

11 DPL=SQRT ( ( XPM=XS (] ))*#2+ (YPN~XS(2))we2)

92 XPM=A*COS( VM) &
73 YPU=B#SINCVid) s
T4 DMeSORT( (XPU=XS( 1) )##24{ YPM=XS(2 ) ) *¥2)

75 C44t  SPECIFY HIT POINT CLOSEST TO SOURCE

76 VTaVi

i} IF(DPL.LE.DM) VTuVPL

78 APM=A*CCSIVT)

7Y ZPM=D(3)*( XPM=XS(1))/DC1)

8y ZPSeZPH+XS(3)

81 Ct1) IS HIT POINT ON FINITE CYLINDER?

82 IF(ZPS.GT.2C(1 )+ XPKACTC(1) DR, §
83 2ZPS.LT.7C(2)+XPH*CTC(2)) CO TO 40 -
84 APM=XPM=XS(1)

8% YPMBASINC(VT )=XS(2) -
86 C!t! CALCULATE DISTANCE FROM SOURCE TO HIT B
87 DHITSOKT( XPURXPUSYPUSYPNEZPURZPU Y ) E=5 §.
EH LHIT=. THUE.

8y G0 TO Si

vo i  CONTINUE *e
91 CI1 IF SUUKCE CAMMOT PLLUMIMATE CYLINDER SIDES, IS SSJRCE f
92 C11!  INSIDE CYLINDER? .
v IFXSC3).GT, (ZCC 1) oXSC 1IACTL(13)) GO TO 4@

Ve [F(XS3),LT.(ZC(2)#XSC 1)aCTC(2))) GO TO 4@ .
vy LHIT=, TKUE. £
Yo GO 70 50 z
v «0  CONTIMUE :
b CY1!  IF RAY IS MOT SHADOMED 8Y CYLIMDER, CHECK TD SEE IF @AY !
v C1tt HITS END CAP

149 CALL CAPINT(XS,D,DHIT,@,LHIT)

163 5%  IEC.NOT.LTEST) RETURN

142 HRITE(S, 50)

103 WO  FURMAT(Z,” rssmxo CYLINT SUBROUTIME®)

104 KRITE(S,8) XS

148 WRITE(6.#) D

1%0 KRITECO,#) PHSR,CHIT,LHIT, LDOF

12?7 KETUUN

we END

[ 2o BN conub O
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DFPTCL
PURPOSE

To determine the four diffraction points which cap occur on
a cylinder end cap rim for a given r~diation direction p.

A D
D

>

:'-' \ z
it ’ E

=y
i vy

\_DIFFRACTEON POINTS -

SOURCE ON RiM
LOCATION :

Figure 52-- Curved wedge diffraction points on rim of end cap
-of finite e!hptic cylinder.

o>

NETHOD

An gighth order polynomial eguation is used to solve for aight
possible points on the end cep rim that can be diffrsction points,
These points -are defined by elliptic angles in the local elliptic
coordinate system for the end cap. The points are next integerized
and sorted to remove duplicate points. The accuracy of the possibls
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diffraction points are then improved by a first order Taylor series

interpolation scheme. The details are ?1ven on pages 125-127 of

Reference 1, The two to four correct d

ffraction points are veri-

fied by checking tc see which of the remaining points satisfy
the laws of diffraction. '

FLOW CIAGRAM

OFPTCL (v,N()

INPUT VARTABLES
KC endcap where diffractioa occurs

OUEPUT YARTASLES
v elliptica? angles defining Jour diffraction
points o erd Cop rim

Set up polynomial eeation,
the rosts of whlch &sfing
diffraction potnts
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AE

¢
CC
DA Cv

' DD
DEEX
DEEY
DEEZ
DEL
DENI
DEN2
DEN3
DENS
DM

poral
00TQ2
DSsX
DSSY
DssZ
Dv

EEX
EEY
€2
EPS0

EKCS

Ext
EYu
EZQ
i
IDEL
1v

J
K
N

Yy
St

s vr
A T

i S

NC
2 NCC
S . p
PR~ Q
Qc
R
v "_ RC
53 ROOT
S
-3 §8X
R SSY
- $s2
R SXQ
- ' SYQ
SZQ
v
vQ

VR
vT

- XsM?
'Y VYSM
zsuf

PO, Fy T

| e OO IS ot v

SYMBOL DICTIONARY

HALF LENCTH OF END CAP (HALF LENGTH OF LINE CREATED
BY INTERSECTION OF END CAP AND XZ PLANE)

COSINE OF VR

POLYNOMIAL E0. COEFFICIENTS

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE

CCMPUTATIONAL VARIABLE

XyY4Z COMPONENTS OF VECTOR FROM DIFFRACTION
POINT TO CENTER OF END CAP IN RCS

TEST VARIABLE

MAGNITUDE OF UNNORMALIZED EDGE UNIT VECTOR

DI STANCE FROM SOURCE TO IMPROVED DIFFRACTION POINT
LENGTH OF INCIDENT RAY VECTOR

COMPUTATIONAL VARIABLE

X,Y,Z COMPONENTS OF UNIT VECTOR OF PROPAGATION
DIRECTION IN EilD CAP COORDINATE SYSTEM

DOT PRODUCT OF EDGE VECTOR AND INCIDENT RAY
DOT PRODUCT OF EDGE VECTOR AND DIFFRACTED RAY

X,Y+Z COMPONENTS OF VECTOR TANGENT TO DIFFRACTION POINT
IN END CAP PLANE IN RCS

CHANGE IN ELL ANGLE V CALCULATED TO IXPROVE

ACCURACY OF DIFFRACTION POINT

X,Y,Z COMPONENTS OF RAY TANGENT TO DIFFRACTION
POINT IN RCS

DIFFERENCE IN DOTQ1 AND DCTQ2 (ERROR TEST
VARIABLE) ,

(NOR A VARIABLE) ABBR. FOR ELLIPTICAL REFERENCE
COORDINATE SYSTEM

XyYyZ COMPONENTS OF NORMALIZED EDGE UNIT VECTOR
IN RCS
DO LOOP VARIABLE
TEST VARIABLE
ELL AMGLES DEFINING PERMISSABLE DIFFRACTION POINTS
IN ERCS (IN DEGREES, ROUNDED OFF TO NEAREST INTEGER)
ELL ANGLE DEFINING DIFFRACTION POINT IN ERCS IN DEG.
DO LOOP VARIABLE
égggx VARIAELE (ALSO MUMBER OF PERMISSABLE
$)
END CAP WHERE DIFFRACTION OCCURS
S1GN CHANGE VARIABLE
POLYNOMIAL EQ. VARIABLE
POLYNOMIAL EQ. VARIABLE
COMPLEX CONJ. OF Q
POLYNOMIAL EQ. VARIABLE
COMPLEX CONJ. OF R
ROOTS OF POLYNOMIAL E0 RETURNED FROM SUB. POLYRT
SINE OF ELL ANGLE V (ALSO POLY. EQ. VARIABLE)

f&yﬁé COMPONENTS OF VECTOR INCIDENT ON EUGE
S

Y.Y.Z COMPONENTS OF UNIT VECTOR OF

PROPAGATION DIRECTION OF INCIDENT RAY IN RCS
ELL ANGLES DEFINING DIFFRACTION POINTS IN ERCS
ELL ANGLE DEFINING DIFFRACTION POINT (IMPROVED
ACCURACY)

ELL ANGLE DEFINING DIFFRACTION POINT

ELI. ANGLE DEFINING DIFFRACTION POINT ([MPROVED
ACCURACY) [N DEGRZES

X,Y,Z COMPONENTS OF SOURCE LOCATION IN
END CAP COORDINATE SYSTEM
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CODE LISTING
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G- bors S
L L R
- e sar
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I8 ¢

02 it

¢4 iov
ob vl

SUBHOUTINE DFPTCL(V,NC)

DETERMINES THE DIFFRACTION POIMT ON THE CURVED
EDGE OF THE ELLIPTIC CYLINDER END CAP

COMPLEX CC(v),R00T(8),LV,0,0CR,RC
DIMENSION IV(8),V(4),D¥(3)
COMMON/GEONEL/ZA, B, 2C(2), SHC(2) ,CNC(2).CTC(2)
COMMON/SORINF/ZXS(3),VXS(3,3)
COMMON/PIS/PI,TPI,DPR,RPD
COMMON/DIR/D(3), THSR,PHSR, SPS,CPS, STHS CTHS
NCC=NC

IF(NC.CT.1) NCC=-1

po 1y 1=1,8

IV J==1000

IF(l.LE.4) V(I)==10CR,

CONTINUE

DM T )aSNCINCI*D( 1) +CNC(NCI*D(3)
DM(2)=D(2)

DM(3)==CNCINCI*D (1 }+SNC{NC)I*D( 3) :
XSU=SHCOIC I%ASC 1 I+CHCINC ). (XS 2)=ZC(NC)H}
YSM=XS(2)
ZSK==CNCINCIRXS( 1) +SNCINCI*{XS(3)=2C L))
AE=AZENCING)

SET UP PCLYNCMIAL EQUATION

P=AE*AL-B*R

[F(ABS(AE~B) LT, 1.E=%) P=,
Q=CHPLX(AEXXSY ,~B%YSK)

GC=CONJC ()

R=CUPLX(E*Dis (2 ) AB*XDU(T )

RC=CONJG(H)
S=AEXAE+B*B+2 . x ( XSHAXSH+YSHEYSM+ZSHAZSN)
CC{Q)=Pa (P+R*R)

CC(BI==4 A0k (P+R*R)
CCUT)=2,% (2. *O*+S*R*R+P xR *RC)
CCLO)=4, % (QCH(P=R*R) =2 , *N*R*RC)
CC(5)=CAPLX(¢, ,8.)

CCL5)=CC5 ) +P* (R¥R+RCARCI=2, ¥ ( PAP+A, ¥ VHNC) 44 % S*R*RC
CC(4)=CCNIJGICC(e))

CC(3)=CLNIGICC(T Y

CC(2=CLNIG(CC(8))

CC(1)=CONJG(CC(y))

SOLVE POLYMNONIAL EQUATION

CALL POLYRT(6,CC.ROOT)

N=y

STEF THKU ROGTS

DU 260 [=1,8

CHECK TU SEE IF ROOT IS VALID
RU=bABS(LOOT(]))

IF(R4LT.¥.1) GO TO 200
CV=UPHR*CMPLX (G4, =1 . ) *CLOG(ROOT (I ))
VT=ABS(1.~RM)

IF(VT.Gl.4.1) GO TO 206
IF(REALICV).CE.O.) J=REAL(CV)+.5
TF(PEAL(CV ) LT.A.) J=REAL(CV)=,5
IF(JLT.?) J=J+36+

[F(J.GE.3600) J=sJ=36¢

IF(N.EQ.®) G TO 15]

DO 150 k=1 ,N

IDEL=TALS(J=IV(K))

IS ROOT UNIGQUE? IF S0 ADD TO LIST OF PERMISSABLE ROOTS
TF(IDELLE 1 LOR.INEL.CE. 35¢%) GO TO 202
CONTINUE

N=N+ i

IV(N)=J
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CONTINUE

IF(N.EQ.0) GO TO 3@31

J=

STEP THHU PERMISSABLE ROQTS

DO 3¢9 I=1,N

PERFORM CALCULATION TO IMPROVE ACCURACY OF ROOT
VR=IV(I)*RPD

S=SIN(VK)

C=COS(VEK)

DESX==AnS

DSSY=B*C

DSSZa=AkCTCINC)*S

DEEX==A*C

DEEY=-B%S

DEEZ=-A%CTC(NC }%C

SSX=AxC=XSM

SSY=B*S-YSM

S5Z= AXCTCINC )%C=XS (3)+ZC(NC)
DEN3=SQRT(SSX*SSX+SSYXSSY+SSZ*SSZ)

EEX=DSSX

EEY=DSSY

EEZ=DSSZ

DD=(EEX* SSX+EEY*SSY+EEZ*SSZ) /DEN2

DENS=DENI* ( EEX*DM{ 1 )+EEY*DM(2) +EEZ*DM( 3) )=EEX* SSX=EE Y* SSY~EEZ¥ 552
DA=EEX*D SSX+EEY*DSSY+EEZ *D) SSZ+DEEX#SSK+DEE YR SSY+DEEZ*SSZ
Da=D4-DD*( EEX®DM (1 J+EEYXDM (2 )+EEZ%DM(3))
D4=D4=-DEN3% (DEEX*DM ( 1) +DEEY*DM (2 )+ DEEZ*DM( 3))
DV=DNENS*DPR/D4

[F(ABS(DV).GT.2.) GO TO 30¢

VT=IV(])+DV

vOo=VT*RPD

S=SIN(VC)

C=COSs(vQ)

DEN 1 2 A% AXSkS+BxBACHC+AXAXSESACTC(NC)I*CTCINC)
DEN1=SQkT(DEN1)

DEN2=a( AXC=~XSM) * ( AkC=XSMK) +( BkS~YSM) % ( Bx S~YSM)
DEN2=SQKT(DEN2+ ( A*CTC(NC)*C~XS(3)+ZC(1IC))
2% (A*CTC(NC)I*C=XS(3)+ZC(NC) ))

EXQe~AxS/DENI

EYQ=B*C/DEN1

EZQ=<A%CTC(NC)*S/DENI1 * s

SXQux= ( A%C~XSM)/DEN2

SYQ=(B*S=-YSM)/DEN2

SZQ=(AXCTC(NC) *C=XS(3)+ZC(NC))/DEN2

CALCULATE EPSQ, THE DIFFERENCE IN DOT PRODUCTS OF THE ENGE
VECTOR AND INC. AND DIF. PROPAGATION UNIT VECTORS
DOTQ1=SAQ*EXQ+ SYQXEYQ+ SZO*EZ O

DOTQ2=DM (1 ) %EXQ+DM (2 )*EYQ+DM(3 ) *EZQ

EPSQ=D01Q1 =DOTH2

DO INC. AND DIF. RAYS SATISFY LAW OF DIFFRACTION (EPSQu=f})
IF(ABS(EPSN) .GT.1.E=3) GO TO 3@

IF(VT.GE.360.) VT=VT=364,

IF(VT.LT.4,) VI=36A.+VT

1F(J.EQ.2) GO TO 289

DO 288 K=1,J

DEL=ABS(VT=V(K))

1S THE kCOT UNIQUE? IF SO, ADD TO LIST OF CORRECT ROOTS
IF(DEL.LT.%¢5.0RDEL.GT.35%,5) GO TO 3w
CONTINUE

JmJ+1

V{J)=VT

CONTINUE

RETURN

END
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DFPTWD
PURPOSE

To determine the diffraction point along the line tangent to edge
ME of plate MP for given source location XS and diffracted ray direction

PERTINENT GEOMETRY

CORNER ME
SOURCE Of
LOCATION / X
XS '
P
l‘——-———— S ———iy
s* cot 3,

-1—-q— VP
VP

\DIFFRACTION POINT

TR

AN PLATE MP

Figure 53--Geometry used in defining diffraction point on plate edge.
METHOD

o>

The,.djffraction point is found using similar triangles. Since
COSB,, = DeV is known, then

¥0 =X + (S cots, + PV .
TS = x XS(1) + y XS8(2) + 2 XS(3)

T = x X0(1) + y XD(2) + 2 XB(3)
X = % X(MP,ME,1) + y X(MP,ME,2) + 2 X(NP,NE,3)
D = xD{1) +yD(2) +2D(3)
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FLOW DIAGRAM

A T T T P T N P e o

OFPTMD (XS,DV,VI,SP,XD,ME,MP)

INPUT VARIABLES
Xs ::.yiéscmouents of source location

0V cosine of 8
ME  edge where Siffraction occurs
MNP  plate where diffraction occurs

OUTPUT VARIABLES
Vvl  x,y,2 components of unit vector of
incident ray
SP  distance from source to diffraction
point
XD x,y,2 components of diffraction
point location

Take dot products in order to find S,
the perpandicular distance from
the source to edge ME

Caiculate diffraction point, 0

Calculate incident ray unit vector 1

Calculate SP, the distance from the source
to the diffraction point

Return

SYMBOL DICTIONARY

COTANGENT OF BETA

COSINE OF BETA

EDGE WHERE DIFFRACTION OCCURS

PLATE WMERE DIFFPACTION OCCURS

DO LOOP VARIABLE

&OTTSR?‘@WUCT OF EDGE VECTCR AND VECTOR FROM CORNER
PERPENDICULAR DISTANCE FROM SOURCE TO EDGE ME
DISTANCE FROM SQURCE TO DIFFRACTION POINT
VARIABLE USED TO CALCULATE S

INCIDENT RAY UNIT VECTOR

LOCATION OF DIFFRACTION POINT

SOURCE LOCATION
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b CODE LISTING
3' ¢ -
3, 2,y SUBROUTINE DFPTWD( XS ,DV, VI ,SP, XD, ME,, ¥P)
s Eféi DETERMINATION OF THE DIFFRACTION POINT
% 6  DIMENSICN XS(3),XD(3),VI(3)
. y COMMON/GEOPLAZXE 14,643),V( 14,6,3),VP(14,6,3) ,VN(14,3)
8 2, MEP(14)  HPX
N y CTB=DV/SORT( 1 .~DV4DV)
% 19 P=g,
3 IR DO 1@ N=1,3
‘- 12 16 P=P+(XS(M)=X (4P, ME,N))*V (NP, ME N)
| 3 S=4.
1% DO 24 N=1,3
ﬁ 15 SX=XS(N)=X (MP, ME JN)=P#V (HP JME,N)
L 16 20 S=G+SX*SX
1 S=S0RT(S)
18 DO 3¢ N=1,3
16 38 XD(N)=X(MP,ME,N)+( SKCTB+P)*V (HP ME N)
2¢ SPa¢.
21 DO 49 N=1,3
22 VI(N)=XD(M)=XS(N)
23 a5 SPaSPeVI(N)#VI(N)
24 SPaSORT(SP)
25 DO 50 Nel,3
26 5w VI{N)=VI(N)/SP
23 RETURN
, 28 END
!
.
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DFRFPT
PURPOSE

To determine the ray path for a source ray which is diffracted
off of a given edge on a given plate and then reflected in a niven
direction by the cylinder.

PERTINENT GEOMETRY

2
A
0
REFLECTION
POINT 4 DIFFRACTION

XR P POINT

—py VI XD

x/ \__/
SOURCE
LOCATION
XS

Figure 54--Ray diffracted by plate and then reflected
by the cylinder. ,
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METHOD

The diffraction point on a plate edge and the reflection point
on «n elliptic cylinder for a diffracted-reflected ray in a given
observation direction are calculated via an iterative process. The
equations are based on a first order Taylor series approximation to
the equations governing the laws of reflection and diffraction. The
details of the analysis are given on pages 155-161 of Reference 1.
The iteration process follows the same basic scheme outlined in the
write up for subroutine RFPTCL. The initial start up procedure for
this subroutine is composed of defining a known reflection point which
is taken to be on the rim of the finite cylinder closest to the plate
edge under consideration and then determining the corresponding dif-
fraction point on the plate edge. The details of this procedure are
discussed on paces 161-163 of Reference 1.
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FLOW DIAGRAM

OFRFPY m.xa.uow&u;,m.u.m.vmvso.

oME WP, L

IRPUT YARIABLES
W number of plite vhere diffraction occurs
ME  edge on plate WP where diffraction occurs
LORC set true if starting point data exists
fram previcus pattern angle

OUTPUT VARIABLES

Y elliptical angle dafining reflection
point on cylinder (2-d)

B a,y,z components of reflection point
location on cylinder

001P test variable used to insure reflection
wis computed proper)

SIN  magnitude of uanormalized cylinder noma)

vin ,éigtnu fram diffraction poiat to reflection
point

¥l x,y.2 comonents of propagation directios
of ray incident on cylinder in ACS

10 x,y,2 componeats of diffraction polat
location

vSon di§tme from the source to the diffraction
point

Y0 x,y,2 components of prapagation dirvectioa
cf'mfce ray incideat on diffraction
point

OE  dot product of incident ray procagation
direction #ad unit vector of edge ¥

LRL set true If starting information exlists
for mext pattera sngle

%gte - LORC 15 used Dotk a3 an tmgut arisble aad
an autput varigdle

| 21ace branch it banteg cylingee |

is
starting o0l 43t availadle
som Drevious pattern sagled

w0

[ Comste s!r,mt‘qgéi-l ]

¥
X
S
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Choose which corner to use as
starting diffraction point

Perfarm 1VD{MP,ME} step iteration to
pproxinste ray path paraceters (see
pp. 155-161, Reference 1)

{ step through angles |

Salve quadeadic ecuaticn to odtasn dot
products of vectors satisfying tow
of diffraction

Oetermine which solutien most closely
satisfies tre Yaw of diffeacticn

L

| Compute diffraction point ]

Perfom Taylor teries eapansica
to define OV gad 04

Popute new reflecticn poist
o~ cplinzer

Test 12 see if comoulee
$2attering gaints satiyly
Tzen of S1ffraetica
g raflagticn

I erree i3 tow By, Sxae
ampee of sty peg
eI Ileratise

T IF error iy tom amall Steise

Smder ¢ slpes w att For S ——— -
et {300 Fuliae 1y calles write versing ditige
frr S W W A st file

{ TN 1 | VW’»’""‘?' l L

T S S PTTE YUV VPV U
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SYMBOL DICTIONARY

CSCE

UPSH
Uk
NP

kT

PHSPu

ohPX
SNPY
Shx

<NY }

TR
KLk

Jui

vl
Yiu
viv
vl .

17
RV

DOT PRODUCT OF RAY FROM CORMER OF EDGE NE
T0 SOUKCE AND EDGE UNIT VECTOR
PH] ANGLE INCHEKENT SIZE

- WEFLECTEN WAY PROPAGATION DIRECTION

X,Y CUMPONENTS OF PHI POLARIZATION UNIT VECTOR
FOR FIELD REFLECTED FROM CYLINDER IN RCS

X,Y,Z COMPOMENTS OF THETA POLARIZATION UNIT
VECIOR FOR FIELD KEFLECTED FROV CYLINDER
THEIA ANGLE INCREMENT SIZE

CHANGE IN Uk FOR ONE ITERATION USING TAYLOR SERIES EXPANSION
CHANGE 1M Vi FOR ONE ITGRATION USING TAYLOR SERIES EXCANSION
ERRUR DETECTION VARIABLE

EQUATION GOVERNING THE LAN OF REFLECTION

PANG IAL LUERIVATIVE OF £ WITH RESPECT TO PH!
PAIL IAL DERIVATIVE OF FI KETH RESPECT TO THETA
PARTIAL PERIVATIVE OF FI WITH RESPECT TO UR
PAHTTAL DEHIVATIVE OF Fl MITH RESPECT YO VR -
ENUATION GOVERNING THE LAM OF HEFLECTION
PANT1AL DERIVATIVE OF GI WITH HESPECT 10 PHI
PARTIAL DERIVATIVE OF GI WITH RESPECT TO THETA
PAKTIAL DERIVATIVE OF GI MITH RESPFCT TO MR
PARTIAL DERIVATIVE OF GI WITH RESPECT TO VR
MJHEER OF SIEPS LSED Id ITERATION

SET THUE IF STARTING POINT DATA IS AVAILAKLE
FHOM PREVIQUS PATTERN ANCLE

PHI COMPUNERT OF HEFLECTED RAY DINECTION

PHI COMPONENT OF REFLECTED RAY DIRECTION

FHOR PREVIOUS TIXE DFRFPT MAS CALLED (OR
PMESENT VALLE FOR NEXT TIME HOUTINE IS CALLEM
PHI ANGLE UF WEFLECTED RAY DINECTION [N
HOTAIED HUS SYSTEM (BHANCH CUT PLACED

BeHIND CYL)

PHl ANGLE O REFLECTED WAY DIRECTION in
KUTATED KUS SYSTEX (GRANCH CUT PLACED BEMIND
CYLINUEH)

PANTIAL DEMIVATIVE OF SNX WiTH RESPECT TC VR.
PART AL BERIVATIVE OF SNY WITH WESPECT TO VR

X AND ¥ CUMPOHENTS OF NORMAL TO CYLINDER

1t #CS CLMPLNSNTS

NuMBER OF SYEPS LSED IN ITERATION

Bil14 COMPOMENT CF HEFLECTED MaY DIRECTIOC!
THEIA CURPOMENT CF REFLECTED RAY DIRECTION FRONM
WEY FGUS TIRE RFDFPT WAS CALLED (OR FOR

BET 198 KUUTINE IS CALLED)

2 L\ SPONLKT OF STARTING WERLECTICN POINT
LOUA. 106 ON CYLINDER ,

- GEET YELTUR OF LBOCIDENT eAY 06 CYLIHDER

PARYIAL DBERYVATINE €F v) alie RESDEST 10 IR
PARG TAL GERY¥ATIVE OF VI WM RESPECTY TC vk
ELL ARGLE fkgihi}% ETALTING SEFLECTION

P@l"n ON CYLINDRW

¥o& CUNPONENTS OF PROPTATION VECTOR OF “\'
F’-ﬁﬂﬂ SQURLE O Dfim‘ifflm POIRT
Xo¥o2 COUPOKENTS OF 04 F‘ﬁﬁ:‘“m BOINT m*aﬁ'
POILT ALOGG LEKE Daaw' Tra N0 LOGE S
CLOSESY TO SOumCE . o
V.8 CORPUNENTS OF RIFLECTION ~OIVT

COLRTION G OYLiNDER

PAN AL DERIVATIVE OF XN %17k RESPET Yo U2
PAN: AL LERIVATIVE OF 4 WiTH KESDECT ¥O ¢
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SRR S 1 SN SRS A 32 AN

¥ CODE LISTING
-
! I C
. 2 SUBKOUTINE DFWrPTVH GAR NOTPSKL,VIN, V], XD, VE, VSD
3 . 2 DEUE 2P, LDKS)
« (i3
L oLHY DETERRITES THE WAY PATH FOR » CIFFRACTIOM FROY A PLATE THEN
¢ c!:! 2 REFLECTION FHCy A ELLIPTIC CYLIMDER . _
1 et !
1 » DINENSICM DRI IMPI2) DATEI) VI3 VI /() VIU3),VEN( D) i
Yy DIABNSIUY XP(3) (XKD UIC3) XRVI) (X UC3) XD(I) ‘
I ULTHEDEILY IVDC14,0),PENRCIS,6) THOR(14,8),VRO(14,6),UROL 14,6)
ti DINELSIUN PHECkP(14,6)
I i2 LCGICAL LD
1s CORQIZLEOPLIZ A 14,0,3),V(14,8,3) ,VP(14,6,3) ,VN(14,3)
14 2,4EPCI4) PR
15 COM LG /SO INE/ZXS(3),VKSL 3, 3)
1 Ie CUn del/r,idln(J).‘i’.iSn.l“fStz. SPHS,COHS, STHS ,CTHS
1y CUrLOL/LBUNELZA, B, Z0(2), s:;mz».u«ccz) CTCt2)
18 SULRONZLYUDCIAVIC 14,0) (UDCL 2 PICR( 14 ,6,2) JIDCH(14,6,2)
Iy W16 60, TINC(16,6,8) ,DDC(16,0,2)
1 an COMPOUZL NSNS PHIHC 1€,8)
: _ 2 COLMLIRIS/0], TPE, DPH,RON
- o2 LHEL PLACE LLANCH CUT BESTIND CYLINDER
a PG aR Sy uik (P ) E)
- T ie fr tRHSPL ST PEY PHSPEePHSOR TP
i 3 {7 (PNSPL LT =P} PHSPRePESPRTP]
3. CSCEs,
iu 2 Nlm 3
. ‘»x"mrﬂ«sc..)-u“p.x NI (EP NE,
S ,

S0 3 timl G a
ké-‘ﬁti)ac:(tﬁt‘.(';’...é..‘)ﬁ(" JUE M
P I 2 SRS RS IR DL IS SIS LY AP B
SHafRTLESN)

"y

FEE S - 3 SR SN SR e S e ]
[]

LI IS STRILC POIGT DATA AVAILAGLE ERQY BREVIOYS
VI PATIERN ANGLE
fetlinC) 88 TQ ¢
WD CONPUNE STANS i‘:ﬁ ety »
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COMPUTE THE DIFFRACTION AND REFLECTION POINTS.
STEP THhU ANGLES

no 5» lvsl,fvip

PHCUSPHUK(HP HE) 2 [V=1)#NPER

THCHSTHULR IR (1E)#C IV=1 3eDTSR

CPCS=COL (PICR)

GPCS=SIEI{PHCh)

CTCS=COS (THCH)

STCLaSIN(THCR)

LR(1)=CPCS#SICS

(2 )=SPCS*STCS

Dh¢3)=CTCS

P 1 )e~SPCSeSTCS

LhP(2)=CPCSHSTCS

DHTC 1) CPCSECTCS

DHT(2)sSPCS*CTCS

1T 3)=~STCS

CSVsCOS(VR)

SHVsSIHIVID)

SHX=CaCLY

SiiY=ARSLY

SliPin-BaSHV

StiPYeaaC SV

AH( 1 )mARCSEY

Liit2)=BeSNY

Ant3)sUh

XKV ymeAnSHY

AHVE2ImESCSY

AVEIN g,

FHERL

Lt 2I=t .

wits)=l,
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BBu~2 .t SSeSERD JeIRPVCHPY
CERCHPVRCARVeCUD VSCRPY
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BETERNSLE WHTCH SOLUTION #0ST CLCSELY SATISFIES
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EkC=oE=t S0
EHCHE=ARS (RC)
IFCERCB. LT o l) GO 0 15
Clv=-U]V g
[IFEJCIVLLT.2) GO TC 14 i
COLTINUE i
IFCIVLENLIVEP)Y GO TO o
PizkFChM TAYLCH S”HIES rXPANSION TO DE!IPE ov AMD N
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GV=Un ()% (SUFARVICL)+SHIRV IV )+SHPY RV (2)+SHYRVIV(2))
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211 S (..ONTINUE
212 Cltl  STOME PARAMETERS FOR NEXT:TIME DFRFPT Is CALLED

. - - - - j !
loy IFCIVD(KP, HE) 0E. 32) GO TO " - SR
266 VU ME ZATVDUNPE) ‘ .
201 . GO TO sk _ _ }
202 W CONTIUUE . i
203 KRITE(0c 1) PHSR, THSR MP; NE,VR,URERCA,ERCR ~ 5 o)
204 1 FORMAT( ERROR [N DFRFPT= 412 1206,215,4F12.6) N
25 LDRC=. FALSE. . A . : i S
266 RETURN ) R . o
2% @ CONTIRUE ) ’ : :
268 TF(ERC.GE.€,%31).G0 TO 99 - : R i
269 . IFCIVDCkP, ME).EQ,1) GO TO S8 ° ;
210 IVOUHP, LE) <IVD(HPo HE3/2 . |
213 VRO(}P , KE) =VR {
214 UROCAP NE) =lIR ‘
215 PHOK (P, ME ) =PHSR ,
216 PHORP (4P, HE) sPHSPR .
217 THOR (4P, XE )=THSR x
218 IF (L HGT.LDRC): IVD(MP ME) =l ' ' -
219 LDRC=.TRUE. - : 2 :

220 RETURH - }

| END
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DI

PURPOSE

To calculate the incident part or the reflection part of the
wedge diffraction coefficient or the corner diffraction coefficient.

METHGD

This subroutine computes either the incident part or the reflec-
tion part of the wedge or corner diffraction coefficient. The uniform
Geometrical Theory of Diffractionf4] has been used to derive these
terms. For wedge diffraction the coefficient is given as

| S LA

—————< cot Lid F[kRa+(B)]
2n 2nk sinBO{ (?T)

+ cot ({,’ﬁﬁ) F ﬂ(Rf(B)%,

DI(R,B,sin?o,n) =

¢-¢', for the incident case

where B = ¢+, for the reflection case,
. +
T 2 [2nTN"-B
a (B) =2 cos ( ) ’
: ( 7

in which N are the integers which most nearly satisfy the equations
2mN"-(8)
2mnN"-(B)

L)

"

"",

F(x) is the transition function,
and
n is the wedge number (FN).

For[t?e corner diffracted term (LOG=.TRUE.), the coefficient is given
as t9l: .

-ju/4 +8 +
DI(R,B,sinB ,n,R ) = —&— . cot(Tr ) F[kRa (B)]
0T onfEmk sing, \on-

+ -
Ra_(B)/A -8 - Ra {B)/A
F [ERZET%:§;:3;7] + cot(zﬁ~ F[kRa.(B)]|F [ - ]

ca(m8 -8
where R. is the corner distance parameter and B_ is the theta type

angle measured from the corner. An illustration of the geometry is
given in Figure 55. '

X
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RTINS SN

FLOW DIAGRAM

0I(DIR,R,BET,SBO,FN,DELL,LOG)
INPUT VARTABLES

R distance parameter

BET  PH+PHP or PH-PHP

S$80 sine of 8

N wedge ang?e number

DELL part of argument for the corner tran.
sition function correction term

L0G a logical varfable set true if the corner
diffraction coefficlent is to be computed

QUTPUT VARIABLE
DIR incident or reflection part of diffraction
coefficient

Compute N+ part of diffraction
coefficient

Compute N-part of diffraction
coefficient

| Return l

SYMBOL DICTIONARY

A
ANG
BOTL
C

COM
COTA
DEL

DELU
DEK
DN

DNS
EX
FA
N
RAG
S
SGN
SOR
TS
TSIN
UNPI
uppl

ANGULAR FUNCTION FOR TRANSITION FUNCTION

BET IN RADIANS

AKGUMENT OF TRANSITION FUNCTION

REAL PART OF FRESNEL INTEGRAL

CUNSTANT FOk DIFFRACTION COEFFICIENT

COTANGENT TIMES THE SQUARE ROOT OF THE A FUNCTION
CORMNER PART OF ARGUMENT FOR THE CORNER TRANSITION
FUNCTION COLKECTION TERM

INVERSE OF DEL

4%P [ *EFN*SIN(BO)

INTEGER WHICH MOST NEARLY SATISFIES THE EQUATION,
2%P*kFN*DN-BET=P] OR =Pl

COMPUTATIONAL VARIABLE

CEXP (J*K*R*A)

TRANSITION FUNCTION WITHOUT SORT(A)

COMPUTATIONAL VARIABLE

ARGUMENT GF COTANGENT TERM

IMAGINARY PART OF FRESNEL INMTEGRAL

SIGN OF DNS

SUR1 (2*P[*R)

ABSULUTE VALUE OF TSIN

SINE OF ARGUMENT OF COTANGENT TERM

N~ COMPONENT OF DI

N+ COMPONENT OF DI
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CODE LISTING

[y

Y
clit
ciiy
cry

CENOU SN —

1%

(1]

03 b42
ud 123
obL

SUBROUTINE DI(DIR,.R,BET,SBC,FN,DELL,LOG)

INCIDENT (BET=PH=PHP) OR REFLECTED (BETsPH+PHP)
PART OF WEDGE DIFFRACTION COEFFICIENT

LOGICAL L0G,LDEBUG,LTEST
COMMON/TEST/LDEBUG, LTEST

COMPLEX FFCT,TOP,COM,EX,UPPI, UNPI,FADIR
COMMON/TOPD/TOP
COMMON/P1S/P1,TPI,DPR,APD

IF (LDEEUG) WRITE (6,11)

FORMAT (/,7 DEBUGGING DI SUBROUTIME?)
DEL=DELL

IF(ABS(DEL) LT.1.E=10) DEL=SIGN(.E~1i1,DEL)
[F(LOG)DELU=1./DEL

ANG=BET*RPD

DEM=2 . *TP] *FN#SB0

COM=TOP/DEM

SAIR=SQRT(TPI*R)

N+ PART OF DIFFRACTION COEFFICIEMT
DNS=(PI+ANG) /(2 . B*FN*P])
SGN=SIGH (1« DNS).

N=IFIX(ABS{LES)+6,5)

DN=SGN*FLOAT (1!)

A=ABS( 1 B+COS(ANG=2 . O*kFNXP DM ))

BOTL = 2.0*SORT(ABS(R*A)
EX=CEXP(CMPLX( @43, TPI*R*A))

CALL FRNELS (C,$,BOTL)
GaSQRT(PI/2.8)%((,5-C)

S= SQRT(PI/2.8)*(5=0.5)
FASCUPLX{( D+ 424 ) RSTR¥EX*CHPLX(C,S)
RAG=(PI+ANG) /(2 . 3%F})

TSIN=SIN(RAG)

TS=ABS(TSIN)

[F{TS.GT.1.E=8) GO TO 442
COTA==SLHT(2.0)*EL*SIN(ANG/2 JO=F P %)
IF(COS{ANG/2 =FN*PI*DN) JLT. 2. @) COTA=<COTA
GO TO 443

COTA=SQORT( A)*CCS(RAG)/TSIN
UPPI=COMACOTARFA
IFC(LOGIUPPI=UPPI *BABS( FFCT (R*A*DELL!))

IF (LDEBUG) KRITE (6,%) Dl,A,Fa,UPPI

N- PART OF DIFSRACTION COEFFICIENT
DNS=(=PI+ANG)/(2 JG*FN®P])
SGN=SIGM(1,,DNS)

N=IFIX(ABS (DNS}+0,5)

DN=SGI*FLOAT (M)

A=ABS( 1 B+COSCANG=2 . PRFN*P I *DM) )

BOTL = 2.8*SORT{ABS(R*A))
EX=CEXP(CUPLX( 2.8, TRI*R*A))

CALL FRNELS (C,$,BOTL)
C=SQRTIPI/240) %( 2, 5=C)

Su SORT(PI/2.0)%(5=0.5)

FASCUPLX (), 2. J*SQRAEX*CUPLX(C,S)

RAG= (P =ANG) (2, 1%E}1)

TSIN=SIL(RAC)

TSmARS(TSIN)

IF(TS.6T.1.E=5) 60 TC 842

COTA= SGHRT(2 .0 I%EN*STHIANG/2 J=FH%P] %))
TFCCOSCANGZ2 J=FHRPT*DE) JLT o Mi3) COTAm=COTA
GO TO 123

COTA=SORT{AY*COSCRAG /TSI

UNPI 2CON #COTARFA
[E(LOGYUNP [ =UNPL *BABS( FRCT (RRA*DELY))
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68
(34
79
71
72
73
74

Ir (LDEEUG) WHITE (63%) DM,AFAUMPI -
DIR=UPPI+UNPI

IF (.NOT.LTEST) GO TO 2

WRITE (6,1)

- FORMAT (/,# TESTING DI SUBROUTINME’)

WRITE (6,%) DIR,R,BET"
NRITE (6,%) SBO,FN
RETURN

END
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DIFPLT
PURPOSE

To calculate the far zone electric field for a source ray which
is diffracted off of a given edge on a given plate,

PERTINENT GEOMETRY

CONE OF DIFFRACTED
RAYS

o——— CIFFRACTION POINT
Xop

SOURCE LOCATION
XS

SIDE ViEW

Figure 55--Edge diffraction geometry.
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-~

o = X BO(1) + y BO(2) + z BO(3)

0>

B, X BOP(1) + y BOP(2) + Z BOP(3)
6 = xPH(1) +y PH(2) + 2 PH(3)
' = x PHO(1) + y PHO(2) + 2 PHO(3)
é¢' = PSOR
¢ = PSR
]
S [}
|
B \g
| EDGE DIFFRACTION
4~ POINT XD
| CORNER DIFFRACTION
\s~~ POINT XGP
”~ -
—e VN
¥
| o—EDGE ME
SOURCE
LOCATION <PLATE WP'
Figure 56--Corner diffraction geometry.
NETHOD

The diffracted fields fram the edges of the plates are calculated

by u.ing the Geometrical Thecyi]of Diffraction [4). The diffracted field

in the far zone has the fore (

-Jks
Ed = —E.i(oe) 'Bg(s'ww'.ﬂo.ﬂl) ’?' ¢ S ’

where Q. is the diffraction point. The incident field can be written

in the Yorm

i :\ o qeniks’
El(q) =[emm & v et Bt
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The diffraction coefficient can be written as:
UE(S.Q‘%‘?.’QO’FN) = DS 30930 - DN 3'6 .
The slope diffracted field in the far zone has the form[10]

s.d. 1 ari(oﬁ) aﬁE Iy g Jks
S 3k TR U

where ati = 1 aEi The incident slope field can be written
an s’ sﬂ?ﬁo T pe

) o i R o~ Jks' '

in the form 5— = (EIPRPG® + EIPLPBOPL-;:Z—— where EIPRP and EIPLP
are computed in subroutine SQURCP. The corner and slope corner dif-
fracted fields have similar form(9] and are included if the logical
variables LSLOPE and LCORNR are set true. The edge and slope
fields are combined and the phase is referred to the reference co-

ordinate system origin by the factor ejkDﬂDF. The form of the field

is therefore given by

L -k
T = W (EOTHD + EOPHD) &

Similarly the corner and slope corner diffracted field is given by
o o-JkR
€ = W (ECTHB + ECPHY) S ,

- jkR _ ,
where the factor 51—-. and the scurce weight (W ) are added elsewhere
in the code. '
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FLOW DIAGRAM

DIFPLY (EOTW,EOPH,ECTH,ECPN FIN IE, W)

P wecss wgle ingtcat

mgle indicator

ME  edgs on Dlate WP where diffraction olturs
M plate whers diffraction occurs

OUTPUT YARIABLES
EOTH theta component of edge diffracted
€ field in RCS
EDPH phi component of edge diffracted
€ field in RCS
ECTH theta camponent of coener diffracted
€ f1e)d in RCS
ECPH  phi component of corner diffracted
£ field in RCS

1. Perform diffraction pofat gzutTtry caleatations

e T cU N A R

Sat 10{MME)~0

Compute diffesction potat
location slomg Vine tengent to
plate edge and caclelate fa- ¥

cident ray unit vector

1

Return

13 diffraction point on finite extest
of plate edge? 1f not, set Siffracticn
poiat st spropriste corner for

cornge diffraction aad set
LOIF+FALSE {see Figure S6)

2. Chech to see 3F ryy-is

1
Ciffracted ray Mt oot
plate or cylinder?

. 33 .

ray Teom sowrie ML Mahed

plete oF Cykinger Spfecs
Siffraxtion? —

foaning ity

T T




| : ;

3. Calculate diffraction angles and related geometry,

Calculate PSO 4nd PS, the
Incident and diffracted
phi angles

l

Check to see if giffractions
Just spreared. If so, set
flag in [DR{IANG) for uie

in doudle diffreztion.
Set 10{NP ME)e-]

|
ot vectors. (BB
|

Caleulate S80estnela ) |

4. Calculate edge 9tffracted fields

Comoute source fiele pattern nctsr.i

I

If. sloge ¢i1ffrsction it Gelired,
congute incitint sloge fiels
palteer fretde

H
!

Lalealete prane teve
irefes prete A origia)

!E;&m,e eooe Cr¥feyty gn mmméu]
V
- £
Comgute perpandieyye g
sirallel crmpoeenie of
2ffeprted fipla IIRIIN)

H

3 epe NF emiion gasly, HEINES
NSt e TWTY ARS MV LISeNAly of
taR gitiegetee Trela i 208

!
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o-—rey,

[ R TV

is
comer diffraciion
desired?

F—-l@

PSS

Yes

S. Calculate corner diffracted fields

Loop through both corners

on esge ME (vartedlesic) [¢——
]

Caleulete corngr diffraction .
coefficient, CORN

z Calculate modifies edg diffractioa

coeffictents DH, & 0S5 {lara aad
1oft doundary conditions! |

T B Ry

Calculate curner giffracted fleldy
paralle! aud perpesatcular ta the
e

|

Compute thata aad pht
compoaats of cormer Giffriited
Fieldy in ref coord 3y

iy |

§ tonntonry,

Prtony

Bty

-
L

“

i
- - -
) Cnsy to tae i Siffepstioag

St dissopesrad. 1If ¢, ;ui
flag ta /S1{100C) For o ia
&Kvdle tiffrsctinn,

- wostvey ity L et

»

Set 1000} own

et B}

[ 12

tmy

r=y

e
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SYMBOL DICTIOMARY

AN DUT PRODUCT GF VECTOR FROM PLATE KP TG THE SOURCE AND THE
PLATE UNIT NURMAL

AFM REDGE ANGLE NUMUER

BUEL  VARIABLE USED TO EXPAND DI FFRACTION ANGLE RANGE IF CORNER
DIFFRACTION IS USED

BDHI  CUPPER LIMIT FOR BD, THE COSINE OF THE DIFFRACTION ANGLE BETA

SDLCN LOWER LIMIT FOR BD, THE COSINE OF THE DIFFRACTION ANGLE BETA

BETN  DIFFERENCE IN DIFFRACTED AND INCIDENT PHI ANGLES

BETP  SUM OF DIFFRACTED AND INCIDENT PHI ANGLES

BO DIFFRACTED FIELD BETA POLARIZATION UH!T VECTW (IN EDGE
FIXED COONDIATE SYSTEM) IN RCS COMPONENT

gop INCIDENT FIELD BETA POLARIZATION UNIT VECTOR ¢IN EDGE
FIXED CGOHD SYS) IN HCS COMPORENTS

CNpP COSINE OF HALF WEDGE AMNGLE

COKN  CORNER DIFFHACTION CCEFFICIINT

CPH COSINE OF PSH

CPhC  CUSINE OF PSCR

€Th COSINE OF THR

CTHP  COSINE OF THPR

DEL PACAMETER USED IN TRANSITION FUNCTION

OH DIFFRACTION COEF. FOR HARD BOULDARY CONDITION

DHIT  DISTANCE rRCM SCURCE T3 MEAREST HIT (FROV SUBS. PLAINT (R CYLIND)

DPH SLORE DIFFRACTION CQEFFICIENT FOR HARD BCUADARY COMDITION

ps SLOPE DEFFRACTION COEFFICIENT FCR SOFT BCUNDARY CONDITICH

Ds DIFFRACTION CQEF. FOR SOFT BCUNDAMY CONDITICN )

bv 00T PRODUCT OF EDGE VECTOR AND PROPAGATION DIRECTION UXIT
VECTOR .0 KHICH IS THZ COSINE CF DETA

ECBI  EDGE DIFFRACTION COEFFICIENT (FRO4 SUB. DI) FLR INCIDENT
DIFPRACTED FIELD W2DIFIED FOR CORNER DIFERACTICR

ECbN  EUGE DIFFRACTICN COEFFICIENT (FR0M SyB. D!) FOR REFLECTED
DIFFRACTED FIELD MODIFIED FOR COZIZR DIFF- ACTICN

ECPH  PHI COMFQUENT OF CORNER DIFFRACTED E-FIELD

ECTH  THEIA COMBONSNY OF COFNER DIFFRACTED E-FIELD

EQOH  PHI COMPCNENT OF BDGE DIFFRECTED E-FIELD )

EDFL  CONPONENT QF DIFFRACTED FIELD PARALLEL TO THE EOGE

EOPh  COMYONENT O DIFFHACTED FIELD PERPEMDICULAR 7O THE 2008

£DTH  THETA CONPONENT CF EOGE DjFFRACTED E-FIELD

e THETA COMPOLENT OF COANER DIFFRATTED FISU (1 RCS

EQ Pitl CONPORENT OF CORNER DIFFRACTED FIBLD (Y RCS

EIPL  CuNPOMENT OF INCIOENT FIELD PARALLEL TO THE DAL

EIPLE BATIENN FACTUR FCR COMPONENT CF SQQRCE ¢ PEIoENTY SLO7E FISLD
PANALLcL TO THE EDOE

EIPKk  CUMPQHENT O JNCIOENT FIELD PCR?E.‘GQSQ}J‘E T2 THE BRGE

EIPUP PATTERN raCTOR FUR CONMPORENT OF Q&RCE L ueioens) TELOPE BLELD .

-~ PERPERDICULAR TO THE EDGE

ElY =ace M‘!TEW FALTORS PR I, v AXD T CORPONENTS CF

E12 m:i T E FLELD

CAPH ce&%ﬁx PHASE TEK (NEFER Pii'&S: 0 BES. SIIGIN

[ MEOGE AKCLE BNUSGER - :

#Rn WEGUE NIHLE INDICATUR

5P ASGLE BATERIGH 7O a8002 X QER8EES y

Gal DOT PHOBUCT € Tha PRCEACATION GIRECTION a.zw.:zm wmoa Faou
THE REF COU&D SYE ORIGIN TO TME DIFFsalTior 20

9 AREAY OF SLAUS IEDICATIEG seETiEs Qi NOT alﬁﬁuéf'ﬁm ¥AS BGESENG ’ i
THE LASY Tis€ DIFALA waf CALLED FJU BKE nE & PLATE w9 :
Li%e~t |SDICATES Dlﬂ“ﬂtﬂm PRESENTY : ‘ -

A DCUHLE PYEFRACTION SHaDOW Bounoawy IOSHT IFICATION E&AAY

§sN SIGR CuasGe vhuﬁ\* _ ‘
sl SET TRUE (F RAY HITS & FLATE oR CYLIKDER (FRGH PLAINT SR CVLINDY
LN CURKER a7 D OF EDNE W& : . <

wE EUGE Om ATE P SHERE DiFPSalT 6:*- SEURS

np PLATE Flu MEICM DIFFRACTION OCTURS

[ X0 LeGP vaRiagLE

Kt DT PRCIRICT OF TOGE BINCANAL KD DIFF aAY PECPRGATION NS

W3

. Man P P CRU VA
R

| er 4 i . A Rl 2




PH
PHIK

. PHO

PHSR
PP

DIFFRACTED FIELD PHI PG.ARIZATION UNIT VECTOR (IN EDGE

FIXED COORD SYS) IN RCS COMP

PH1 COMPONENT OF INCIDENT RAY PRO?AGATION DIR IN RCS

INCIDENT FIELD PHI POLARIZATION UNIT VECTOR (IN EDGE

FIXED COORD SYS) IN RCS COMPOHENTS

PH1 COMPONENT CF DIF LAY PROPAGATION DIRECTION IN RCS

NEGATIVE DOT PRODUCT OF EDGE BINORMAL AND INCIDENT RAY
OPAGATION DIRECTION

PSR*DPR

gg&i!sgzsb RAY PHI ANGLE IN EDGE-FIXED CODRDINATE SYSIEM

INCIDENT RAY PHI ANGLE IN EDGE-FIXED COORDIMATE SYSTEM

© PR] COMPONENT OF INCIDENT RAY DIRECTION IN EDGE

FIXED COORDINATE SYSTEM

PH] COMPONENT OF DIFFRACTED RAY PROPAGATION DIRECTION

iN _EDGE~FIXED CCORDI ANTE SYSTEM

DOT PRODUCT OF PLATE NORMAL AND DIFF RAY PROPAUATION DIR
REGATIVE C¢ DOT PHODUCT OF PLATE NORMAL AND INCUDENT RAY
PROPAGATION DIRECTION

MAGNITUDE OF VECTOQZ FROM CORNER ME TO SOURCE

X.¥, AND Z COMPONENTS OF VECTOR FROM CORMER MC TO SOURCE

SINE OF BO, THE MIGLE THE DIFFRACTED QAY MAKES WITH

THE EDGE UNIT VECTOR

SINE OF MALF MELGE ANGLE

DISTANCE FROM SOURCE TO DIFFRACTION POINT (FROY SUB. DFPTND)

DISTANCE FAUN SOURCE TG DIFFRACT fON POINT

.SINE OF THR

COEFFICIENT OF CORNER DIFFRACTED FIELDS

THETA CONPORENY OF INCIOENT RAY DIRECTION 1IN REF COORD SYS
ANGLE DIFFRACTED RAY MAKES WITH EDGE

A.HGLE BEWEES EIGE UNIT VECTOR AND RAY FRCN SORIACE

BISTNCE PiﬁlJiETER USED IN CALCULATIHG DIFFRACTION COEFFICIENTS
VEC10R USED TO MOVE UIFFRACTION POINT OFF EDGE FOR

SHADOMING TESTS

USET VECTUR OF JNCIDENT RAY PROPAGATION LIR (FRON SU3. OFPTED)
CUNDT VECTOR FROM SOURCE TO DIFFRACTION POIHT

DISTANCE MLGNG THE EDGE FROM FIRST CORNER (I* EDGE TO QIFF

POINY
JX3 MATRIX DEFINING THME SOURCE COORCINATE SYS‘I’EN AXES
DIVFRACY{ON POINT (CALCULATED IN SUB. CFPIWD _
DIFFRACTION POINT (USED FOR SHADOMENG 'KESTS)

SOWCE LOCATION 1N REP COORD SYS

DOT PRODUCT OF DIFFRACTED QAY PROPAGATION OIRECTION
WNIT VECTOR § AND VECTOR FROM DIF POINT T2 CORNER
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CODE LISTING

.

cit
o
e
ct
ce!

TCOENOUT AL -

(%
“t
[g4
P
o
e

[
[ %
g

32 Q¢

-

PO T

P ]

- sinn amm -

SUBRCUTINE LIFPLTC(EDTH,EDPY, ECTH,ECPH, FNN, YE, 4P)

DETERXIKES THE NIFFRACTED FIZLD FROM EDGE #ME ON PLATE #1P
WITH THE PHASE (GFERRED TU ORIGIN.
SLUPE AND CCRNER DIFF. 1S OPTIONMAL FROYM [NPUT DATA.

COMPLEX EF ,EG,EIPR,EIPL,SXPH,EDPR,ENDL ,ENTH, ENPH

COMPLEX ECTH,ECPH,ECBI ,ECREK, FS Dd.DPS LPH

CoMPLEY EIPﬂP.EIPL?.EIX.EIY.EIX.CORH.FFCT

DIMEIISICY VIl3) XR€3),94003) PH(3) ,BOP(3),ACI3I), XDP(3),VIP(I)
LOGICAL LSURF,L HIL.L‘LOPE LCORMR, lPIr.LDEBUG LTEST
COM&OV!LLOP’A/X(I&.O.J) VE14,6,3),VP(14,6,3),VN(14,3)

2 JMEP(14) ,upX

COMNON/ZEDMAG/VIAGL 12 ,6)
COMOBRIZSORIMFZXS (D) VXS(:.E)
COMAGUALIR/03) , THOK , PHSR, SPHS,CPHS, STES,CTHS
COURCNZLNDFCL/30(14,6,2)
COMMRITHPELWATT(3)Y, “P(’)
CO&RO\/F{S/Pl,.P!.“?R fann
COPRON/ZLCGHIFALSLCRZ LCO
COXMINZTIESTZLIERYSG VL TEST
CG&HU&/ECUHLE/IDR(EGI).13(ld,é).{AﬂG
COMMON/ZE [ TPLT /D%
CORMIRIZSUNF AC/ZLSRFC 14)
rhsEY
ENITIALIZE FIELDS
EDTHe(d. 0. )
EUPH={Q. 00
ECTHa (. ,a.)
ECOHml L, i)
IF CLIBRELGY RALTE foa‘”@’
FURRAL (2,2 SERNGHINCG I FRPLY U;eaU&"E"
1. PErFaLM D] FRRACT iGh IE“ GEAMET ¢t CALOULATI QNS
NCslizel
PR CUC Ol JHER U P Wimi
ArNsprl
PRIFIN.CT 201 Rimwe =800
Ct-?‘ﬁtl‘*’d! ~Herll2.)

SEPeSINCIreEl 22 )
ngﬁ.
PO b Nel, 3
a‘v‘.a..n\ e, f.!?":st':)
EBCASSIOVY, LT duswd) G40 TO ¢
adElel,
;F CLogbkat L0ELes ]

RIS -ig;aﬁ,",.ir-:fii

R P I S T

St RATES ] iz ‘3?‘?;;;:‘,33?? grievy

3?( \-L.-éﬁw LRGNV LGY NN IGE TR 2

\.-\a -—‘*au E‘J{‘c : ;9‘;23:"“23' ?i!"a’

CALL JPFJeti8,.0v, ¢, 32,5, 7, 3
TRERRBTENAS T2l chfovitI pos (a2 oWl iz 08 Vil
Py .}"(V"’},foi))

ADNw,

Vel

By % pei l

ISR T IIE )]

(2 T RIERVHTER T A R goliu S DR T4 b LA |
Azw:w*:.cx-«':-uL? (RS FTAG T Lot |
ClutFs TR
:5 ﬁﬁr& QUTIL GTY 9 PLATE Tod?

B oUu. 3E, TIeSAAVION COUUT AT R UPUIATS Q% 03
mm'::war&f

:f(wl}‘;o&‘:-"'- ;;‘> ’:a. [P}
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e U T N,

("
=)

116
RR i
118
REEY
120
121
122
123
124
125
126
127
128
129
130
131

103

91
184

192

5 16

citl
cil

cLy

Ji2
ciil
LR 3

ctu

,2”

ct
ciit

2l

cii
clit

IF(VMG.LT. VMAG (P ME)=1,E=¢)G0O TO 192

DC 143 N=i},3
XDP(NISX(MP MC N)=1.E=4%V( NP ME,N)
LDIF=,FALSE.

GO TO 102

DO 124 N=l,3
XDP{N)=X(MP HE N)* 1 JE=4*V (1P JME,N)
LDIF=.FAL3E.

DO 16 N=1,3

VECT=VPR(MP ,ME,N) 2CNP+VYN(NP ,N)*SNP

XDP(N)=XDP (N)+VECT*! .E~5

2. CHECK TO SEE IF RAY IS SHADOWED

DETERMINE IF DIFFRACTED RAY HITS ANOTHER PLATE
CALL PLAINT(XDP,D,DHIT HP(LHIT)

IF(LHIT) GO TO 42 -

DETERMINE [F DIFFRACTED RAY HITS ANOTHER CYLINDER.
CALL CYLINT(XDP,D,PHSR DHIT,LHIT,.TRUE,)

“JF(LHIT) GO TO 44

SPP=0.

DO 111 K=1,3 ‘

VIP(N)=XDP (N)=XS(N)

SPPaSPP+VIP(N) *VIPIN)

SPP=SQRT(SPP)

DO 112 N=l,3

VIP(N):VIP(N)/SPP :
DOES RAY FROM SOURCE HIT ANOTHER PLATE OR A CYLIMDER
BEFORE DIFFRACTION?

CALL PLAINT(XS,VIP ,DHIT,MP,LHIT)

IF(LHIT.AND. (DHIT,L.T.SPP)) GO TO 42

CALL CYLINT(XS,VIP,PHIR,OHIT,LEIT, .FALSE.)
IF(LHIT.AND. (DHIT.LT.SPP)) GO TO 44

IF (LDEBUG) WRITE (6,%) SP,VI, XD

IF (LDEBUG) BRITE (5,%) SPP,VIP,XDP

3. CALCUATE DIFFRACTION ANGLES AMD RELATED GEOMETRY

-Ql=3.

PP=0.
QD=2 .

-PD=@,

DO 20 N=1,3

QI=CI-VN(MP,N)*VI(M)}

PP=PP-VP (P, ME 4N )*VI(N)

Q=QD+VR(MP N} *D(N)

PD=pD+VP(UP,NE,N)*D(N)

CALCULATE PSO 4D PS, THE INCIDENT AND DIFFRACTED PHI ANGLES
IN EDGE-FIXED COORDINATE SYSTEM
PSOR=BTAN2(QI, PP}

PSO=DPRAPSOR

IF(PSO.LT.2.) PSO=360,+PSO

PSR=BTANZ2(QOD,PD)

PS=DPR*PSR

IF(PS,LT.0.) PS=358.+PS

PSOD=pPS0O

PSD=PS

{F(FN.LE.2.)G0O TO 21

FN=FN=2, ~
PSOD=360,-PS0

PSC=368,~PS

FNP=FN*180 .+1, E-4

IF(PSOD.GT.FNP.OR. PSD.GT.FNP) GO TQ 4t

IF RAY IS NOT SHADOWED, CHECK TO SEE {F DIFFRACTIONS JUST
APPEARED., IF SO SET FLAG IN ID(IANG)
IF(1D(MP,ME) ,LE,-1)GO TO 22
IDD(IANG)I—(4@@*ME*ZG*MP+ID(HP ME))

ID(MP ME)==2

SPHO‘SIN(PSON)

CPHO=CQOS{PSOR)

R o
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SPH=SIN(PSh) ,
CPH=COS(PSK)

COMPUTE DIFFRACTIO!N POLARIZATICH UMIT VECTORS(FLO, PH,30P,80)
DO 39 N=1,3

PHOUN)=~VD (MP X JH )R EPHOHVE(UP )% CPHC

PHIN)==VP (NP, ME, X)X SPHVI( NP N )*COH

BOP(1)=PHO(2)%xVI (3)=PHO(3)*VI(2}
BOP(2)=PHO(3)*V]I (1 )=PHO(1)*V] (3}

BOP(3)=PHO{1)*VI (2)~-PHO(Z)*V](1}

BO( 1 )=PH(2)%D{3)~PH(3)2D(2)
BO(2)=PH(3)&D(1)=PI!(1)*D(3)

BO(3)=PH(1 2xD(2)~PH(2)*D(1)

COMPUTE SBO=SINE(EO)

SBO=SORT ({V(KP NE3)2D(2)=V{¥P ME,2VAD(3) I *a 2+ (V(MP LE 1)
2XDCI1=VCHP ME, ) 4DV R24 Y Ctb M, 20DV P HE e 2 D)
*k

TPP=SP*SBO*SEQ

4. CALCULATE EDGE DIFFRACTED FIELDS

COMPUTE SOURCE PATTEKM FACTORS

CALL SOURCE(EF,EG,FIX,ElY,EIZ,THIR,PHIR,VXS)
EIPR=EIX*PHO(1 J+E] Y*PHO(2) +EIZ*PHO(3)
EIPL=EIX*BOP (1)+E[ Y*ZCO(2)+EIZ*BECP(3)

IF SLOPE DIFFRACTION 1S DESIRED, CCNPUTE INCIDENT SLGPE
FIELD PATTERM FACTORS

IF(LSLOPEICALL SCURCP(EIPHP,EIPLF, VI ,PHN,BCO,VLS)
CALCULATE PHASE TERM («EFER PHASE TC LCS GHiGiN
GAM=XD( 1 )120( 1) +XD(2)2D(2 3+ XD (3% 3)
EXPHaCEAP(CHMPLX(Q, ,TPI#(GAN-SP4 ) )/SORT (SP)

COUPUTE EDGE DIFFRACTION COEFFICIGNTS

CALL OW (DS,DH,DPS,DPH,TPP,7SD,PS0D, S:3G, Fiiy LSURF('P))
IF {LDEBUG) #RITE (6,%) EIPR,EIPL,EIP:P,EIPLP

IF (LDEFUG) WRITE (6,%) DS,DU, DPS,DPH

IF (LDEEUG) WRITE (o,%) TOP,PSD,P30L,SRC,F

COMPUTE PEKPENDICULAR AND PARALLEL CUNPCNENTS &OF
DIFF. FIELD(EDPR,EDPL)

EDPR=-E] PR*DH*EXPH

EDPL=~£]PL*DS*EXPH

IF(.NOT.LSLOPE)GO TO 201

EDPR=EDPR-E] PRP*DPH*EXPH/CHPLX (8., TPI*SP4330)
EGPL=EDPL-EIPLP#DP S*EXPH/CHPLX(D. , TPI*SP*S50)

Ir (WIOT.LDIF) GO TO 202

COMPUTE THETA AND PHI COMPONENTS OF EDCE DIFF. FIZLO,
IF DIFFRACTION EXISTS
EDTH=EDPL*(BO( 1 )*DT(1)+BO(2)*DT(2)+B0( 2)*DT(3))
2+EDPRA(PH{ 1) *DT( 1 )+PHR(2)+DT(2)+PH( 3} *DT(3))
EDPH=EDFL*(BG( 1) *DP(1)+30(2)*DP(2))
2+EDPR* (PH(1)}*DP{ 1) +PH(2)%DP(2))

5. IF CORNER DIFFRACTED FIELD IS DESIRED, CALCULATE
CORNER FIELDS

IF (. NOT.LCORNR) GO TO 40

BETN=PSD=P S0D

BETP=PSD+P 50D

EF’(Q. .go)

EG=(9.,O.)

MC=MCT-|

ISN=1

LOOP THRU BOTH CORNERS ON EDGE #ME.

MC=MC+ 1 -

IF(MC.GT +MEP(MP)) MNC=!

[SN=-{5N

RX=XS( 1) =X (4P HC 1)

RY=XS(23=X(MP,NC,2)

RZ"’XS(S)-X(HPQ.‘(C'3)

RM=SORT(RX*RX+RY*RY+RI % Z)

CTH=V (KPP ME, 1) %RRX+V (PP UE, 2)*RY+ VAP SE, 3) %R 2
CTHs [ SN*CTEZ RN
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¥ - A
b : 198 CTHP=ISN*DV \
§.. 19y THPR=ACOS(CTHP) S
3 200 THR=ACOS(CTH) )
T 20} STHR=SIN(THR) : l
% 202 DEL=2, *TP #RH#* (COS (. 5% (THR+THPR) )#+2)
; 263 Z0=(XCHP,MC, 12=XD( 1) 14D 1)4¢ XCUP JHC4 23 =XD(2 ) I4D(2)
204 2+ (X (MR, KC, 3)=XD( 3) 14D(3) 3
205 TERM=~STHR/TP1 /( CTH+CTHP )/ SQRT (RH)
206 C11! COMPUTE CORNER DIFFRACTION COEFFICIENT(CORN). i
207 CORN=»~TERM*FECT(DEL) #CEX P(CHPLX( 0. y=TP I* (RH=SP-ZP) =4 254P1) )
208 CALL DI(ECBi ,TPP,BEIN,SBO, FN,DEL, TRUE.) -
209 IF(LSURF(NP))GO TO 311 :
210 CALL DI(ECBR,TPP,BETP,SBO,FN,DEL,. TRUE.) E
211 C111 COMPUTE MODIFIED EDGE DIFF COEFFICIENTS(DH,DS). ]
212 DH=ECBI+ECBR
213 D5=ECBI-ECBR
214 GO TO 312 §
215 311  DH=ECBI |
216 DS=(8. ,0.) :
217 COMPUTE CORNER DIFFRACTED FIELD COMPONENTS

cit
218 C!1! PARALLEL AND PERPENDICULAR TO EDGE
21y 312  EDPR=—EIPR*DH*EXPH

2¢ EDPL=~EIPL*DS*EXPH

21 IF(.NOT.LSLOPE)GO TO 203

222 EDPR=EDPR-EI PRP*DPH*EXPH/CMPLX (8« TP T*SP*SBO)
223 EDPL=EDPL-EIPLP*DPS*EXPH/CMPLX(@ ., TPI*SP*SBC)
224 CONPUTE THETA AND PHI COMPONENTS OF CORNER

cil
225 City DIFFRACTED FIELDS [N RCS
226 283 ECTHsEDPL*{BO(1)*DT(1)+BO(2)*DT(2)+B0(3)*DT(3))

221 2+EDPR* (PH( 1)*DT{ 1)+PH(2)#DT(2)4PH(3)*DT(3))
228 ECPH=EDPL* (BO( 1)#DP( 1)+B0O(2)*DP(2))
229 2+EDPR¥ (PH( 1)¥DP(1 )4PH(2)*#DP(2))

23¢ C!!! COMPUTE TOTAL THETA AND PHI COMPONENTS OF CORNER .
231 Cti! DIFFRACTED FIELDS

232 EF=EF+ECTH*CORN o
253 EGwEG+ECPH*CORN }
234 IF (.NOT.LDEBUG) GO TO 36 {.
235 WRITE (6,%) DS,DH,EDPR,EDPL

236 WRITE (6,%) ECTH,ECPH,CORMN : .

237 WRITE (6,%) EF,EG i
238 56  CONTINUE

23y tF(MC.EQ.ME) GO TO 35

240 ECTH=EF

241 ECPH=EG (
242 GO TO 4@ : -
243 4l IDCMP ME ) m=1 : !
244 GO TO 48

245 C!!! IF RAY 1S SHADOWED,CHECK TO SEE IF DIFFRACTION N
246 C!1! JUST DISAPPEARED. IF SO SET FLAG IN 1DD ;
247 44 MPH=@ . . v

248 42 IF(ID(MP,ME) .GE.~1)GO TO 43 e

249 JIDDCIANG) =~ (40@* ME+2 G MP+MPH )

250 43 ID(MP, ME)=MPH :
251 4@ IF (.NOT.LTEST) GO TO 204 :

252 WRITE (6,205) ~
253 205 FORMAT (/,“ TESTING DIFPLT SUBROUTINE’)

254 WRITE (6,%) EDTH,EDPH,ECTH,ECPH

256 204 RETURN

255 NRITE (Sy%) FN,ME,HP - ;
257 END




SREIIY

o

oP1
PURPOSE

To calculate the incident part or the reflection part of the
wedge slope diffraction ¢oefficient

METHOD
This subroutine computes either the incident part or reflection
part of the slope diffraction coefficient based on the uniform Geo-
metrical Theory of Diffraction [10]. This coefficient is given as
- /8 (

— 1CSC
an 27k sing,

—csc? (-’2';—3) FS[kRa'(B)]} s

DPI(R,B,sinuO,n) = 2 (%%ﬁ) FS[kRa+(B)]

where

Fo(x) = 23x[1-F(x)]

and where B, a(B), Fs(x), n are defined in the write up for subroutine
DI. An illustration’of the geometry is given in Figure 55.
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FLOW DIAGRAM
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0PI(DPIR,R,BET,S80,FK)
INPUT VARIABLES
R distance parameter
BET PHePHP or PH-PHP
$B0 stne of B
FN wedge ang¥e number

OUTPUT VARIABLE
DPIR incident or reflection part of
slope diffraction coefficidnt

Compute N+ part of diffraction
coefficient

Compute N- part of diffraction
coefficient

! Return l

SYMBOL DICTIONARY

ANGULAR FUNCTION FOR TRANSITION FUNCTION

BET IN RADIANS

AHGUMENT OF TRANSITION FUNCTIOM

REAL PART OF FRESNEL INTEGRAL

CONSTANT FOR SLOPE DIFFRACTION COEFFICIENT
COSECANT TIMES THE A FUNCTION

8P *FN*FN*SIN(BO)

INTEGER WHICH MOST NEARLY SATISFIES THE ENUATION,
2%P[XEN*DN=EET=P1 OR =P

COMPUTATIONAL VARIABLE

CEXP(J*K*R*A)

SLOPE TRANSITION FUNCTION WITHOUT THE A FUNCTION
COMPUTAT IONAL VARIABLE

AHGUMENT OF COSECANT TERM

IMAGINAKY PART OF FRESNEL INTEGRAL

SIGN OF DNS

TSIN SQUARED

SINE OF AHGUMENT OF COSECANT TERM

N= COMPONENT OF [l

i+ COMPONENT OF NPl

—
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CODE LISTING

[ S

CoT oved

.
{

cacec

cilt

6§42
¢4z

cin

SUBKOUTINE DPTCOPIR LR WBET4SRO,FN)

{HCIDENT (BE1=PH=PHP) OR HEFLECTED (RET=PH+PHP)
PART OF PEDGE SLOPE DIFFRACTION COEFFICIENT

LOGICAL LDEEUG,LTEST
COMMUH/TEST/ZLDEBUG,LTEST
COMPLEX TOP,COM,.EX,UPPI,UNPI ,FPA.DPIR
COMMON/TOPD/TOP
COMMON/PIS/PL, TPIDPK,RPD
IF (LDEEUG) RRITE (6,11
FORMAT (/.74 DEEUGGING DPI SUBRCUTIME?)
ANG=3ET#*RPD
CEM=4, ¥ TP [ *FH*FN*SBO
CONe=-TOF/DEN
Ne PART OF SLOPE DIFFRACTION CCEFFICIENT
DIS=(P]+ANGI/Z(2 . O%xFN*P])
3GH=SIGH (1. [NS)
N=lFIK(ARSIINS)+0,5)
Lil=SGHRrLOAT(N)
A=ABS(1,0+COSCANG=2, %FN =P [ %N ))
BUTL = 2,U*SORTCABS(R*A))
EARCEAP(CUFLA(@B. 0, TPI®R*A))
CALL FREELS (C,S5,HO0TL)
JESGETLPIZ2.2)%(05=C)

= SURT(PI/2.00)%(S-P,5)
FRA=TRIRE* (CNPLA (41, 2. )+ 4. *SORTC(ARS{ TP I #R*A) J*EX*C DL X(C,S5))
HAG=(PT+ANGI /{24 %FN)

TSIN=SIN(LAG)
[S=TSINATSIN
IF(TS.6T 1 L.E=5) GO TO 442
CSCA==2 (xFNRFNACQOS (ANG=T Pl *FH*DN)/COS((P]+ANG) Z/FEN)
GO 106 443
CSCA=A/TS

UPP] =COR*C ST AwEP A

IF (LUEELG) WRITE (6,%) NM,AFPA,LPPL
b= PAKT GF SLOPE DIFFRACTICN COEFFICIENT
DNS=(=PI+ANG) /(2 JO*FVRPL )

SGE=SIGH (1 s, DS
n*ll‘lA(" \S('\'.‘))’h).ﬁ)
Dl=SOGRRETAOAT ()
ASAD S o+ CUSCANG2 J R FNRP [ 2N ) )

FOTL = 2. A%SCHTCALS(RRA))
EX2CEXP(CHPLN(¢, 8, TP InR®A) )
CALL FhUTLS (C48,3CTL)
CEHCAT(RIZ2, () *#( 3, 5~C)

Sz SIT(P1/2.0)%(S=-0,5)
FPASTRI*E®(CEPLY (L, 424 )4, 2SORTCABS( TP [#R*A ) )= EX*CHOLX(C,S))
SAG=(PI=ANG) /(2 WwFN )

151L=8TN (RAG)

AJHTSIN*TJIN

IFCSGLL.1L.E=B) GO TO 542
gSC?g-l «RER*ENRCOS(AMG=TRI#eNw DN IZCOSC (P [~ANG) ZFN)
-V P
CSUA=AZLS
(P [ 2CONRCSCAREDA

I CIDRRUG)Y PRITE (8.%) ™LA FPAURP]

MW n=liPPL =P}

F LOOTLLTEST)Y GO T 2

il (b))
eanSA] (/.7 TESTING O] SHEROUTINE?)
anlic () TP IHGR GJRET

vl (o) S30.FN

Y

A
LI
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DPLRCL

PURPOSE

7o compute the far-zone electric field foi a source ray diffracted
off of a given edge on a given plate and then reflected by the cylinder. ‘

PERTINENT GEOMETRY

2
A
)
REFLECTION
POINT XR ™ P
ViC DIFFRACTION
POINT XD

X

SOURCE
LOCATION

XS

Figure 57--11lustration of a ray diffracted off of a plate ed
and then reflected by the cylinder. -

METHOD

The field diffracted by a plate edge and then reflected by the
elliptic cylinder is calculated in this subroutine. The field dif- .
fracted by a plate edge is found using the uniform Geometrical Theory
of Diffraction{d]. This cauias an astigmatic tube of rays to be in-
cident on the cylirdcr. The field reflected by the cylinder is found.
using geometrical optics[8). The resultant field in the far zone

has the form (pp. 163-164, Reference 1)

152




Ehr - fi(Q )+*D-R j__;’_ [ ror -jks" g~Jks
E $"(5 45" P1py € s

where E1(Q.) is the incident field on the edge at Q., D is the dyadic
djffractjoh

coefficient, R is the dyadic reflection-coefficient,

py and py are the reflected ray caustic distances, s' is the distance
f}om the"source to the diffraction point, s is the distance from

the diffraction point to the reflection point, and s is the distance
from the reflection point into the far zone. The geometry is shown
in Figure 57, and further illustrations can be found in the write

ups for subroutines REFCYL and DIFPLT. The phase of the field is
referred to the reference coordinate system origin so that

-Jjks A -JkR
e _ JkDeX_ e
s = e r R .

The diffracted-reflected field then has the form

-JkR
K a Ay @
ThT =y (EDTHA+EOPHE) Sr—- .
e-ij
where the factor —— and the source weight (Nm) are added elsewhere
in the code.
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- SYMBOL DICTIONARY

80
80P
o1

UH
UHIT
uare

LHIT

BHG

PS

PSix

PSn

)
ot

CUH

WMEE

R

Skau
st
154 3

DIFFRACTED FIELD POLARIZATION UNIT VECTOR PARALLEL TO ENGE
INCIDENT FIELD POLARIZATION UNIT VECTOR PARALLEL TO EDGE

DOT PHODUCT OF SOURCE RAY DIF FROM PLATE TANGERT TO TAN POINT
| OF CYLINDER AND PROPAGATION DIRECTION (2-D)

DUT PRCDUCT GF SCUHCE RAY DIF FROM PLATE TANGEAT TO TAN POlNTV

2 Or CYLINDER AND PROPACATION DIRECTION i2-D)

DIFFRACTIUN COEF. FOR HARD BOUNDARY CONDITION

DISIANCE 10 HIT POINT ON PLATE

;E‘S}T?Ezfyiuﬁl.ﬁ USED TO DETERKINE IF REFLECTION 1S COMPUTED
H

DIFFRACTION COEF. FOR SOFT BOUNDARY CONDITION

egg‘ ENODILT OF INCIDENT RAY PROPAGATION VECTOR AND EDGE WHIT
10K

 PHI COMPQMENT OF EDGE DIFFRACTED REFLECTED E-FIELD

COMPONENT OF DIFFRACTED FIELD PARALLEL TO THE EDGE
CONPONENY OF DIFFRACTED FIELO PERPENDICUIAR TO THE EDGE
THETA COUPOKENT OF EDGE DIFFRACTED REFLECTER E FIELD

-COMPONENT OF INCIDENT FIELD PARALLEL TO T#E EDGE

Uit PLANE OF IRCIDENCE

CONRONENT OF INCIDENT FIELD PERPENDICULAR TO THE EDNGE
O} FLANE OF INCIDENICE

g)-ml‘gtﬂ PAVIERN FACTORS FOR XY, AND Z CONPEKENTS OF INCIDENT

CUMPONENT OF REFLECTED E FIZLD PARALLEL T PLANE OF INCIDENCE
COMPONENT OF REFLECTED € FIELD PERSEMDICULAR TO PLANE OF INC.

X, ¥.Z CONPORENTS OF REFLESTED FIELD IM RCS

COMPLEX PHASE AND SPREADING FACTOR

SET TRUE IF STARTING POINT INFCRMATION EX1STS FROA
PREVIOUS PATIERN ANGLE

SET-TRUE IF PLATE IS HIT

EGE ON PLATE MR WHERE DIFFRACTION GOTuks

PLAVE FQN “MICH DIFFRACTION QCCURS

U7 PROVUCT CF EOUE BINORNAL LD PROPAGATION DH{RECTION
D3 Z#PRACTED FIELD PHI UNIT VECTOR PERPENDIZULAR 10 EDGE -
fetl CUMPOHENT CF PROPAGATION DIRECTIGH OF Rsy

INCIOENY O PLATE WP

INCIGENT FLELD PHI !Jm;? VECTON PERPENOICULAR TO EOGE

. NEGAYIVE U077 PRODCT OF EUGE BINORFAL AND INCIDENT BAY -
CUNLG WEQTOR

QI FrFRACTED kAY PR Am“.ﬁ Ih COSE-PLKED COGRDINATE SYSTEM

Pl COMPURENY OF !mwﬁ‘!ﬁ RAY DISECTION tH Enckt

FLIED CLURDINATE SYSTER - .

BiE] COUPQNEIT OF UIF HAY Pﬁoﬂ&tﬂm DIRESTIIN &N EGGE~FIUED .

Ct@ﬁﬁw%'fg?e ?L!‘!ﬁ AOGRAL L*if% OIF RAaY pagRattayioy G!“"“"" 1o
¥ ¢ Aely IO

REGATIVE GF DOT PRINRKT OF P’..A'{i mw. Mﬁ tkiﬁ-"aﬂ' RAY

UNET vECTOR

SARIUS GF Cl:mri?i.’iiﬁ &W%&DIC&‘L&? w EA:E Q? Nm&?ﬁi) ey

INCIDENT ON RESLECTION

BADIUS oF ﬂ'ﬁiﬁi’%E L.} EﬁFE FE.A#‘ oF NFF&?N‘J‘Q} ilﬁ? 05 44
Gl REFLECTION- POINY

GAY SEREADIRG ﬁhi!ﬁ N SLANE OF YL !hﬁﬁ \XG’M‘H&H #!"

- BEFLECTION FOINY

HAY SPREADIGG RACJUS 14 3L aANE wam. T m: !WJ%B&'QC&'
A7 CYLISDEN REFLECTION POINY '
GISTRCE ¢RLN 2IF DOINT 70 ﬁ‘“r&. POINY

SISTANCE FRIN SORCE YO BIFFRALTION m i) (?%ﬁ SEN. MH’?QI_

FRETA CENDOAENT OF 9&‘:95&\?‘!&& DIRECTI % OF 4

IRCIGENT O PLATE W e e

;@YJ‘WSS oF wn‘ VEGTOR TANGENT a..s;a.t‘k.ﬁ"{ W@TRW
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COBE LISTING
(%
2 " SUBKOUTIRE DPLHRCT (EDTHENPH,FH JMEMP)
KN
o CYIY CONPUTES THE FIELD DIFFRACTED FROYM EDGE #HE OF PLATS eMp
S L1t THELR KLEFLECTED FHOM THE ELLYIPTIC CYLINDER
o LI
v COMPLEX EF,EG,EIPR EIPL ,EXPH NS NH,DPS . DPH, ENPR, EDPL ,EDTH, EDPH
° COMPLEX ERPR,ERPP,EIN,EIY,El1Z,ERY, ERY,ERZ
(" DINENSICH U%(€2),UB(2),VIC(3Y XR(I)
W DIMENSTON VI¢3),XD3),PHOC3) PHI3),BOP(3),B80(3),XDP(3)
i LUGICAL LHIT,LURC, LDEBUGIEST
ig COLMNHZCECPLA/XCi4,6,3),V(14,6,3),VP(14,6,3) ,VN(14,3)
[ DOUERCIA] JMPX
1s CORRONZEUHIREZXS(I) VXSt I, )
I5 COrMCH/ZLIR/T (DY, THSR, PHSA, SPHS,COHS, STHE CTNS
1) corn Ot'/(;O'tFUﬁ,ﬁ.ZCC?) SUCC2) ,LHC(2),8TCE2)
] COMMZLIDFCIL ML &, 6.2) _
1h CANENFENONCLZVICE 18,63, LIIC(2) ,PNCR( 14 ,6,2) , TDCAL14,6,2)
1y 2.u'nu|-..a: BIC(14,0,4),0MNC(14,6,2)
1Y GOl QPIAFPP:UW!‘ITQ),DP(?)
21 cora/piss2l, TP DPR, RN
22 CG."::O:V‘{ES‘;"IU!EBUG.LTES’F
és CULUZCLARCALDRC 14,6}
24 LIt IS ELGE FOR“ED RY IMIERSECTING PLATES?
&% IFGEN.0T.2.) 650 70 40
20 CHYY 1S RIFRFRACTIGH DOSSERLE?
a1 IEi(II 0T RCHP UE, D)L OF. DI LT NIRC(HE E2)) GG TO 39
<k PLInBTUCRe LE, l)icPPS‘B‘mCUiP ME,2)e5PHS
<Y LH2&BTHC LR Y E 3 CPESHATOCHP LE, 4) &31DHS
-l el 67.{*1"(.(’!?.3..) M0 VT.ﬂ‘mCU'P HE)) GO TO 39
al iy (._ALCE.*L-A‘;‘E Ra¥ PATH FOR BIFFR)CTE"-QE?&ECTED FIELD
32 CALL DFLFPTINVE (AR ,DOTP LD SHAG,VIC XD SP VI, DV S, P
- 2, LOKCUP ME))
5% IFCOVLET DO BD HE, 1) ORIV, OT BR(UD W5 ,2 1) OG0 TG 40
st Wi 1S QBFLECTION OF 2OINT aFF OF FINITE CYLINNEMR
0:" ir(iL(l’.G’a’.Z{.(l}OXQ(“'CTL(H.OR-
<t euuCN.E.t.c.L(ZulH(lhctttz)) GO 0 €@
ol HIRCQSIANe 500}
&% SLPRSINt RN w0 ])
4\ U 16 Hel, 2
«Z VESTRYRUD NE M oCHD (1D X JeSHD
“. 18 IR Ik SNESTe |, Eef
€4 €AY 1S RAY SVADOLIED BY A PLATE 08 » CYLINDER?
<3 CALL MabuTere VIC, M‘Y.*F.L‘iﬁ_l :
do SEMLT. Mb.tf‘"h.t.rﬂ A% ) 16 &
% CALL BLZIPTORS, V1, T, 200 . LHIT)
a5 TROLEIT. 200, (T T.LT,. 8922 €O TO &
b vakL aum‘e m 8.&“3';.@.%}!‘21’)
1" eilEITE oG TO &
Yl ) .Hhm&fﬂ"z 1APETIVi L 2enl 1 20V (2 0VE(2 )) VECIS)
L2 BHiRaDTAAZ(VILY I .
%, CALL CYLIUTIXS, Jt PHIR, AT IRET .aFM.SE.
g" if(k}‘ltu"vako‘u GT {7.599) m ?0 i3
149 Qf i,
31 Pow,
5% Otei,
s4 Pew,
" LU 2 vel, 3
sy Olsl=yi P, Ml iy
A BE2RRevREIP PL eV (N
L ¥ Foue e Yhut § el TN fof .50 . |
Bd ot PLaRPaN LR, O eVIEy) :
vé PSSO AR 1N, ey :
(45 DSeervdel s
o UL vt} PEOeIAD, o880
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84

le

1.2
[ VRS
Iy e
iy
e
1.5
l'/n.ir

Zr
'

[SEN N o BN ol SO 08 3N BEC 3,

1y

¢t

it

ciHl
cLit

crn
Cild

¢
ok

PSim. AL 200D, PD)

: PS‘:::’“*P?M f

lf‘(p‘)cl ‘g\’c) -Jﬁ“s”pq

EUPRERNW 1 8e) o | JH=d

[E(PSCCTELP.OH PSS, Fl FNPY GO 0 &4
SPHOURSIH{PSQR) 3

CPIMImCOS (PSUR)"

SPH=OEM(RSH) :

CPRH=CUS(PSE) :

LkLLdlA;F IMCINENT ALD DIFFRACTED POIARIZATION

11T YECTOKS C

PO 3 =], 3 s

PHO(L)--V’(HP HE.H)*SPHO+VV(”P HIwCPHC

FH(N)m=\ PN .d..N)*SPH+VH("P 1)*CPH
LO“(I)-PHO(2)*VI(3)-PHO(3)*V!(2)
BOPC2)mPHO(3)*V] (1)=PHOC )%V (2

BOP(3)=FROC 1 )xv] (2)= PFO(Z)*VI(I)
BOCI)IaPH(2)*VIC(3)=PHI3) »vV IC(2)
EU(2)aPH(3)*VICC 1) =PHI 1) *Y]C(3)

CUEIapFEEl }eVvIC(2)=PIE(2)*VIC(T)

CALCULATE SCURCE FIELD PATTERY FACTOR

CALL b(UdLb(Lr.c».klx ElY,EIZ, THIR,PHIR,VXS)

] Pe= *PHC(I)+rIY*PHO(2)+:IZ*PFO(3)
-IPL=LIAKIOH(I)+LI\*TOP(7)*FIZ*BOP(’)
of(=u191((v(»ﬁ,lL.E)*VlC(Z) “V(LP ME,2)RVIC(2) ) %%x2
SHIVO P LE, 1IRVIC(3)=V( P HE, 3)*V1P(l))**’
2HLVITP LE,2)*VIC( )~ V("P.IF 1)*VIC(2))%k2)
LPP-oP*‘hAG*‘IO*SEO/(S°+SHAC)

EAPH=CEAP(CIPLE(C, =TPI*SP)) /SORT(SP)

CALCULAZE CIFFRACTED.FIELDS

CALL Js(DE,D,DPS, DPH, TPP,PS,PSO,SEO,FL . .FALSEL)
EUPr==2] PRADIIXEXPE -

Eu?L=~:IPL*D‘*lXM!

CALCULATE GLC.LLHICAL OPAI”S REFLECTION
PARARETERS

EG= Lu*Db*Db/I/b

CALL .A'UF(LI. ua, VRS

uAhL-UH(I)wP(I)+U'(’)*3(2)

WR=DTAIR (- VIC(!)*UR(I)-VI (2)%1IB(2),=VIC(3))
IHI:=SHAC
HHI"C‘F0+°’
THI=PHOD UL ) +PH(2) *UR(2)
TH12=PH(3)

TH21= uC(l)*UE(l)*UO(Z)*(?(2)
LHEJ—BO(U)
DEA—Ahll*iVZc-THIZ*xHZI
CTHD=CT }C/(EEF*DEL) :

¢
M

RIEAZ . S* (1Y ZRET 141 . /RHI2) +CTHN* (TH224TH22+TH I 2% TH12) /1

HHI’=I./RHI!-I./RHI2?

hHEB=EIZ*¥REI24RH12%4 kCTHNA(THZ2*T122~TH 12*T"412) /26
L =RHB+4, *CTHO*CTHD* ((TH22*TH22+TH1 2% TF12)/RG ) #%2
K2z S*EORT(RHB)

KHOI=1./ (RHA+RNL )

KiC2= 1,/ (RIA-RHB)

COMPUTE POLARIZATIGN UNIT VECTCRS (PEUPENNITULAR
AinD PARALLEL TO PLANE CF [INCINENCE)
UIPRA=SI k= 5% P )*UR( 1)

UIPWY=SIH (hdi= . 5%P] )*UB(2)

EIPs =008 (PR=oO%i ] )

ULPCasVICE 3 *UIPHY=VIC(2 ) *I'T PRZ

v VICCIIMUTPRE=VIC 3 )t [ PR

L= IC(2)*UTPRX=VICL AU PRY

Un Pl =DC2) *UTPRY =D IR fu 2

U2 (=0 D) *UT PRl =0 (3)* U PHX

CP 4200 ) 2U I X =0 (1 )%l PRy

LAVH=C AP (UIBLX (e g =TP IR SHAG) ) /SORTIS AGH(SD+5M4A0))

i
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GALCUALTE DIFFAACTED FIELD COMPONENTS INCINENT
ON CYLILDER FARALLEL AND PERP. TO PLANE OF IMNC.
El PR=EDPL* (F0¢ 1) % TPRX+BO(2 ) MJ 1PRY+BO( 3) *UTPRZ)
2+EDPIo* (PH( 1) *UTPRYX+PH(2 ) #UIPRY+PH( ) *UIPRZ
EIPL=EDFL*(EG( 1) *UIPPX+B0(2 ) #U 1 PPY+BO( 3) T PPZ?
2+EDPR* (PH( 1} *UIPPX+PH(2 ) *UT PPY+PH(3) I IPPZ)
COMPUTE REFLECTED FIELD COMPONENTS PARALLEL
AND PERPENDICULAR TO CYLIMDER

ERPH ==S0RT (RHO 1%#RHO2 Y*EXPH*E PR
EKPP=SQKT ( RHOI+RHO2 ) *EXPH* ET PL

CALCULALE X,¥,Z COLPONENTS CF REFLECTED FIELD
EitX=ERPh*UTPRX+ER?P*URDPX
ERY=ERP} U PEY+ERPP*URPPY

ERZ=ERPRAN PRZ+ERPP*URPPZ

EXPH=CEXP(CMPLX (@, , TPI*{ XR(1)*D{ 1) +XRE2)#D(2 )4 XR(3)%N(3})))
CO:PUTE THETA AND PHI COMPONENTS OF NIFFRACTED=
KEFLECTED FIELD IN RCS
EOTH=(ERX*DT (1 )+ERY#*DT (2 )+ ERZ#DT (3)) #E XPH
EDPH=( ERX*DP ( | }+ERY*DP(2 ) ) *EXPH

GO TO Y& ,

LDRC (4P, ME )= FALSE.

CONT INUE

EUTH=(@.,0.)

EDPH=(#.,04)

CONTINUE

IF(.JOT.LTEST) RETURN

WRITE(6,%31)

FOHMAT(/,# TESTING DPLRCL SUBROUTINE”)
WRITE(6,*) EDTH, EDPH,FN,#Z,MP

RETUGRN

END
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DPLRPL
PURPOSE

RS S———

Bl e pid  fsd oy

To calculate the far-zone electric field (with phase referred to
the RCS origin) for a source ray which dlffracts off of edge ME of plate
MP and is then reflected by plate MR.

PERTINENT GEOMETRY

/PLATE MR
i - REFLECTION
i - N&" "BoINT
\

i A
1 SOURCE .
v \
I AN
i \
' N\
1 DIFFRACTION AN
i POINT XD \

| DIFFRACTION
§ : - IMAGE POINT
[ - EDGE ME T~ PLATE MP  XDP

Figure 58--111ustration of edge-diffracted, plate-reflected ray.
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N
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_—7 B

A.
‘Y A2
—7 REFLECTION

FROM POINT

DIFFRACT!ON

\PLATE MR

Figure 59--Geometry used in computing plate reflection.
METHOD

The fields diffracted by a plate edge and the reflected by another
plate are calculated in this subroutine{4,9,10). The diffracted
and slope diffracted fields of the plate edges and corners are obtained
as described in subroutine DIFPLT. The reflection from the plate
is found by decompusing the diffracted fields into components tangent
and normal to the reflection plate (see Figure 59), satisfying the
appropriate boundary conditions and then transforming the field
back to the reference coordinate system. The edge and slope dif-
fracted fields are combined and the phase referred t.0 the reference

coordinate system ofigin by the factor ejkﬁ‘XEﬁ. The form of the
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~ the field is therefore given by

oIk
M-y (Enrue + EDPH) & B

-

The corner diffracted and slope corner diffracted fields are combined
in a similar way and are given by '

o~ JkR
TS = W (ECTHO + ECPHY) Sq—

-jkR
where the factor Siii" and the source weight (H ) are added elsewhere
in the code.




FLOW DIAGRAM

2,

3.

DPLRPL (EDTH,EDPH,ECTH,ECPH,FNN,ME MP,MR)

INPUT VARIABLES
FNN  wedge angle indicator
Mp plate where diffraction occurs

_ MR plate where reflection occurs

OUTPUT VARIABLES

EOTH theta component of edge diffracted,
reflected E field in RCS

EOPH phi component of edge diffracted,
reflected £ field in RCS

ECTH theta component of corner diffracted,
reflected E field in RCS

ECPH phi companent of corner diffracted,
reflected £ field in RCS

ME edge on plate MP where diffraction occurs

|

Compute direction 63 of ray incident on plate MR
(ray propagation direction after diffraction).

Perform diffraction point geggetry calculations to obtain

diffracted ray in dfrection

Determine if diffraction
exists

Yes

|

Compute edge diffraction point

Is diffraction point on plate edge?
If not, set diffradtion point at

appropriate corner and set
LDIF=false

|

Check to see if ray is shadowed anywhere

fetermine
if reflection on
plate MR occur

Yes
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Does reflected
ray hit another plate or a
cylinder?

Yes

R SR A

|

Mo

6»;‘:&57!1'?

<

Does
diffracted ray hit another
plate or a cylinder before
reflection?

T

@ IEny

Ne

Houm peuiy
+

Does ray
from source hit & plate or
cylinder before
diffraction?

No

4, Calculate diffraction angles and related geometry

|

Calculate PSO and PS, the incident
and diffracted phi angles in the
edge-fixed coordinite system

|

Compute d;ffraction pola;;zation unit
vectors of ingident & diffracted rays
(PR, 40

[ Compute S80s5in(3,) ]

5. Calculate edge diffracted ficlds
|
|

[ Compute source pattern factor _-J

L

Compute Incident field components
perpendizular and pardllel to edge

| I '

v e .
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|

If slope diffraction 1s desired,
calculate incident slope field
pattern factor

Calculate location of diffraction
point image in plate M

Calculate phase term for diffraction
point image

Compute adge diffraction coefficients ]

L

Compute perpendicular and paralle!
¢ ?: of diffracted

' fields (EOPR,EOPL)

6. Compute raflection gecmetry gnd diffracted-
raf lected field

Compute varfables to transform polarization
from incident ray-fixed coordinates to re-
flection plate coordinate system

Compute variables to transform polarizetion
Jrom raflection plate coordinates to r?-ﬂud
0 and ¢ components for reflected field in RCS

Does
edge diffracted figld exist
{LDIFsTRUE)?

E0PH, EDTHO

If slope diffraction is desired, add
slope diffracted figlds to edge
diffracted field conponents
(EOTH, EOPH)

; N B
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g

B Compute polarization of diffracted ‘L 4
aE - field incident on plate MR in .
component3 normal and parallel to
the plate; Al and A2 (plate
coordinate system)

Calculate theta and phi
components of reflected ray in
in reference coordinate system EF,EG

Add phase term to obtain edge

diffracted, reflected fiel
components EDTH,EDPH

- 1s

% No corner diffraction

i dasired?

e

g Yes |
i . 7. (Ccmpute corner diffracted fields {

@ oremans

Loop through both corners on
edge ME (variadles)

1

Compute corner diffraction
coefficient, SORN

1

i Compute modified edge aiffraction
: coeffictents (OH,DS)

l

Compute components of corner diffracted
field parallel and perpendicular to
edge {EDPR,EDRL)

[ b

Compute corner diffracted fields imcident
on plate MU in plate coordinate systen

1

Compute corner diffracted fialds 2fter

reflection in reference ccod syt .
Set corner fieldss0 . Set diff fleldesd
EcPm0 Eoetn) e
PHs el
v ECTHsO)
1 £CPHs0
S0V B

Return I
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SYNBOL DICTIONARY

EUTH
EF

ElIPL

COMPONENT OF INCIDENT DIF FIELD NORMAL TO PLATE MR
COMPONENT OF INCIDENT DIF FIELD TANGENT TO SLATE MR
DETERMINANT OF TRANSFORMATION MATRIX

DOT PRODUCT OF VECTOR FROM PLATE MP TO THE SOURCE AND THE
PLATE UNIT .wam
MEDGE ANGLE NUMBER
VARIABLE USED TO EXPAND DIFFRACTION ANGLE RANGE 1F CORNEN
DIFFRACTION 1S USED
UPPER LIMIT FOR BD, THE COSIME OF THE DIFFRACTION ANGLE BETA
LOMER LIKIT FOR BD, THE COSINE OF THE DIFFRACTION ANGLE BETA
DIFFERENCE IN DIFFRACTED AND INCIDENT PHI ANGLES
SUM OF DIFFRACTED AND INCIDENT PHI ANGLES
DI FFRACTED FIELD BETA POLARIZATION UNIT v&croa (IN EDGE
FIXED COORD SYS) IN RCS COMPONENTS (FOR DIF EDGE)
IN (X,¥,2) REF COORD SYS. COMPONENTS
INCIDENT FIELD DETA POLARIZATION UNIT VECTOR (IN EGE

FIXED COORD SYS) IN RCS COMPONENTS (FOR DIF EDGE)
DOT PRODUCT OF REFLECTED FIELD POLARIZAT-ON VECTOR
DT AND PLATE COORD SYS UNIT VECiOR VN
DOT PRODUCT OF RAY-FIXED C.S. VECTOR BO AND PLATE C.S. VECTOR VN
DOT PRODUCT OF RAY FIXED COORD SYS VECTOR DP AND
PLATE COORD £Ys UNIT VECTOR VN

DOT PRODUCT OF RAY-FIXED C.S. VECTOR PH AND PLATE C.S. VECTOR VT

DOT PRODUCT OF RAY FIXED COORD SYS VECTOR DT AND
PLATE COCHD SYS WNIT VECTOR
DOT PRODUCT OF RAY FIXED OGORD SYS VECTOR 80 AND
PLATE COORD SYS VECTOR
DOT PROD. OF REFLECTED mw POLARIZATION UNIT VECTOR
DP AND PLATE COORD SYS UNIT VECTOR VT
COORD SYS UNIT VECIOR VI
DOT PRODUCT OF RAY-FIXED C.S. VECTOR PH AMD PLATE C.S. VECTOR VT
CGSINE OF HALF WEDGE ANGLE
CORNER DIFFRACTION COEFFICIENT
COSINE OF PSR
COSINE OF PHJR
COSINE OF PSOR
COSINE OF THR
COSINE OF THJR
COSINE OF THPR
PARAMETER USED IN TRANSITION FUNCTION
DIFFRACTION COEF. FOR HARD BOUNDARY CONDITION
DISTANCE FROM SOURCE TO NEAREST HiT (FRON SUBS. PLAINT OR CYLINT)
DISTANCE FROM SOURCE TO HIT (RETURNED FRON PLAINT AND CYLINT)
X.Y, AND 2 COMPONENTS OF RAY PROP, DIRECTION BETMEEN
DIFFRACTION AND REFLECTION
SLOPE DIFFRACTION COEFFICIENT FOR HARD BOUMDARY CONDITION
SLOPE DIFFRACTION COEFFICIENT FOR SOFT BOUNDARY CONDITION

,DlFFRACTION COEF . FOR SOFT BOUNDARY CONDITEION
PRODUCT OF EDGE V)

CTOR AND DIFFRACTED RAY PROPAGATION
maecnou URIT va:ron. 0J

UIFFRACTION COEFFICIENT (FROM SUB. DI) FCR INCIDENT
DIFERACTED FIELD, RODIFIED FOR CORNER DIFFRACTION.

EDGE D!FFRACTION COEFFICIENT (FRON SUB. DI) FOR REFLECTED
DIFFARACTED FIELD, KODIFIED FOR CORNER DIFFRACTION

1 COMPONENT OF CORNER DIFFRACTED, asm. TED E-FIELD
Ly B couponm cf coanen DI FFRACTED, REFLECTED E~FIELD
PHL COMPONENT OF EODGE. DIFFRACTED, REFLECTED E-FIELD
COMPONENT OF DIFFRACTED FIELD PARALLEL YO TME EDGE
COMPONUNT OF DIFFRACTED FIELD PERPENDICULAR TO THE EOGE
THETA. COMPONENT OF EDGE DI FFRACTED, REFLECTED E=FlELD
THETA CONPONENT OF PATTERN FACTOR OF FIELD INCIDEMT ON EDGE
&?"C&“E“a?? oF rrggnaﬁt':'m p os»ﬂ JELD {CIOENT ON E0E
ON PA \Y 1
ALSO PHI PONENT OFN REFLECTED 'IELD N RS
WA&*T OF HCSDENT FIELD PARALLEL TO THME EDGE
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H
i
i
3

PATIERN FACTOR FCR COMPUNENT OF SJURCE ¢ INCIDENT) SLOPE F1ELD
PARALLEL TO THE EDGE (RAY INCIDEN: ON DIFF EDGE)

COMPONENT OF INCIDENT FIELD PERPENDICULAR TO THE EDGE

PATIERN FACTOR FOR COMPONENT OF SOURCE (INC!DENT) SLOPE FIELD
PERPENDICULAR TO THE EDGE (RAY INCIDENT ON DIFF

'S:?g{gﬁozhmﬂﬂ FACTORS FOR X,Y, AND T COWPENENTS COF INCIDENT
COMPLEX PHASE TERM (REFER PHASE TO RCS. ORIGIN:
WMEDGE ANGLE NUMBER
WEDGE ANGLE INDICATOR
ANGLE EXTZPIOR TO KEDGE IN DEGREES
DOT PRODUCT OF THE PROPAGATION DIRECTIOH AND THE VECTOR
THE REF CCOKD SYS ORIGIN TO THE DIFFRACTION POINT IMAGE LOCAT!Q!
SIGN CHANGE VARIABLE
SET TRUE IF RAY HITS A PLATE OR CYLINDER (FROM PLAINT OR CYLINT)
CORNER AT END OF EDGE ME
EDGE OM PLATE MP WHERE DIFFRACTION OCCURS
PLAIE FOR WMHICH DIFFRACTION OCCURS
PLATE MHERE REFLECTION OCCURS
PO LOOP VARIABLE
DOT PROOUCT OF EDGE BINORMAL AND PROPAGATION DIRECTION
DIFFRACTED FIELD PHI DPOLARIZATION UNIT VECTOR (IN EDGE
FIXED CGORDINATE SYSTEM)IN RCS COMPONENTS (FOR DIF EDGE)
PH] COMPONENT OF INCIDENT RAY DIRECTION IN REF COQRD SYS.
gglkggﬁPONEﬂT OF RAY PROP. DIR. BETMEEN DIF AND REFLECTION
S
INCIDENT FIELD PHI POLARIZATION UNIT VECTOR (IN EDGE
FIXED COOKD SYS) IN RCS COMPOMENTS (FOR DIF EDGE)
PH1 COMPONENT OF PROPAGATION DIRECTION AFTER REFL IN RCS
NEOAT!VE DOT PRCDUCT OF EDGE BINORMAL AND INCIDENT RAY UNIT NORMA

PSRDF
P&gmrsn NAY PHI ANGLE IN EDGE-FIXED CCORDINATE SYSTEM

“INCIDENT RAY PHI ANGLE [N EDCE-FIXED COORDINATE SYSTEM

PHI COMPONENY OF INCIDENT RAY DIRECTION [N EDGE

FIXED COORDINATE SYSTEM

PHI COMPONENT OF DIF RAY DIRECTION IN EDGE~FIXED COORD SYS
DOT PRODUCT OF PLATE NORMAL AND PROPAGATION DIRECTION
NEGATIVE OF DOT PRODUCT OF PLATE NORMAL AND INCIDENT RAY
PROPAGATION DURECTION

MAGNITUDE OF VECTOR FitOM CORNER MC TO SOURCE

X,¥, AND 2 COMPONENTS OF VECTOR FROM CORMER MC T° SOURCE

SINE OF BO, THE ANGLE THE DI FFRACTED 44Y MAKES NITH THE EDGE
SINE OF HALF WEDGE ANGLE
DISTANGE FRUN SOURCE TO DIFFRACTIOR POINT (FROM SuB. DFPTWD)

COEFFICIENT OF CCRNER DIFFRACTED FIELL
THETA COMPONENT OF INCIDENT RaY DIQECI !ON IN REF COORD SYS
TNE'M CO&MENI OF RAY PROP. DIR, BEYMEEN DIF. AND smemca

I
AHQE Dl FERACTED RAY HAKES w1TH - £DOCE
ANGLE GETWEEN EDGE UNIT VECTOR AKD RAY FROM SOURCE
TO CORBER WC
DISTANCE PARAMETER USED IN CALCULAYTING m»-FRR‘.‘"im CG:F&!C&E”TS
VECION USED TO NUVE OIFFRACT ION POINT OFF EDGE £
SHADOMING TESTS
UK§T VECTOR OF RAY INCIDENT ON Elr«t’. Faoa Sme
(ERCH SUDNOUTING OFPTHD)
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LTS SN Cormtam o

ViP  NI1 VECTOR FAOM SOURCE T0 MODIFIED DIFERACTION POINT t.
VG DISINNCE ALOKG THE EDGE FAON FIRST CORMER OF EDGE M

I0 DIFFRICTION P ;
v Yo AND'Z COMPO MENTS OF UNIT VECTOR ON FLATE NR NORMAL TO

SLARE OF INCICENCE (TANGENT 10 PLATE) i

¥iS a3 IATRIX DEFIHING THE SOURCE COORDINATE SYSTEM AXES

XD O} FFRACTION POINT (CALCULATED IN SUB. DFPIWD)

xDp MODIFIED DIFFRACTION POINT USSD FOR SHADOWING TESTS
ALSO, LOCATION OF DIFF POINT IXAGE IN PLATE MR

XDPP  DIFFRACTION POINT, CQNERIED TO KEFLECTION HIT POINT

xS SNRCE L&ATIOH lN REF RD SYS

2p DOT PRODUCT OF le Ulll‘l’ VECTOR AND VECIUR FROM

DIFFRACTION POINT TO CORMNER NC

8§ Wrkvany
«.) ca

170

& v iepat

i
§

o . Coees coe e
- L A e A N AT {0 ST e, e Nda gL L e X




ety ST PR

I

[T

v .

'L:i‘m’{:!

o Pimamg

"
Y

o i

gx’."’f‘yl’

gv ‘NMI!

oy

CDDE LISTING

e
Cai
ciue
cite
ciet

ct

cn
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10

2 Lt
4 CHit

15

SUBROUTINE DPLﬂPL( EUTH,EDFH, ECTH, ECPH, RN, ME, 4P, IR)

DETERI!NES THE DIFFRACTEL/REFLECTED FIELD NWITH PHASE
RRED TO ORIGIN. RAY !S DIFFRACTED FROM EDGE ME ON
P AND REFLECTED FROM PLATE #

COMPLEX EF ,EG, EIPR, EIPL, EXPH,DS,DH .nm.em.mn.emu.mm
COMPLEX smp.smp.mx.av.’ﬂ coﬁn JFECT ALLA2

COMPLEX ECTH,ECPH, ECBI ECB

DIMENSION vxcs:..mcas.pﬂotar.pnm.aopca).aom.mm»
DINENSION DJt3),VT(3),VIP(3) , XDPP(3)

LOGICAL LSUKF,LRIT,LDEBUG, LTEST, LSLOPE ,LCORNR, LDIF
COMMON/T3ST/LDERUG, LTEST

COMNON/LOGDI F/LSLOPE , LCORNR

COMION/GECPLAZX( 14 .6.3) V(14,6,23),VP(14,6,3),UNC14,3)

Zé EPL14) MPX

OMMON/SORINFZXS(3), VXS(3,3)
COMKON/DIR/D(3 ), THSR ,PHSR, SPHS , CPHS, STHS, CTHS
COMMON/BNDFCL/BD(14,6,2)

COMMON/THPHUVZDT (3),DP(2)
COMMON/P}S/PI, TP1,0PR,RPD
COMMON/EDMAG/VUAGK 14,,6)
COMMON/SURFAC/LSURF 14

FNeF N

NCeliEs ]

IF (MC.GT,MEP(NP)) NCsi
INITIALIZE F1ELDS

EDTHw(8.,d.)

EDPM»(0, 0.)

:CTH.(G!. '60

ECPH=(9.,0.)

‘1, COMPUTE INCIDENT DIRECTION GF FIELD O PLATE #4R
CALL REFBP(PKJR, THJR PHSR, THSR MR}
SPHJeSINEPHIR)

CPHJSCAS (PRJR)

STHIeSI3 (THIR)

COH)=COSt THIR)

BJ (1 ImCPHIPSTHY

DJ(2)=SPHI*STH]

DJ(3InCTHS

2. PEAFCRM DIFFRACTION POINT GEODHETRY CALCULATICHS
TO QBTAIN RAY IN DIRECTION DJ
DV=O.

00 19 K=l ]
DVaDVeDJ (R 1o VL NP HE 12

TEABS(OV) ,GT.0.999) GO 70 49

8DEL=O
§F (LCOSRR) SR,
B0LOReBD (MR, KE, ! 1-3TEL
- 8ON1BDONRD HE, 3)e8DEL
OETERMING If DIFEAACTION EXISTS
IF (OV.LT. BOLOW, 02,0V, GT.B0HI) GO 10 49
COMPUTE EOCE DIEFRICTION BT.
CALL DFPTWD(XS OV, VI, 5P, XD NE NP

: IFEAFN Cu?. JAFN®E , ~ 058

CRPuCUSIAFRePL /2 )

SNPeSINI AFLePE22,

o 15 Net, 3

b3 L a3

VAGAVEGe { KRNI =L (8D KE, K12 oV INP, HE )
ADK= ADI® { XECN3 ~X P, ) ,m !-\v‘maﬂ,m
LOIFe TRUE,

L1}

B ks
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001D et s

67 C1ll

72 1@

75 1IN
76 184

78 &

81 lo
82 ¢t
82 Ci4y

80 C1 ¢t
87
S8
av Cc: 1t
o8
13
92 Cs 12
93

o4
93 Ci1}
96

o7
o8

Lad
109
18t N
192
183
194 512
185 C1
iso Qi
97
e8
18y
ine
1]

R TH

n3 ey
ile

418

ita
ny

18

i

120
121
122 28
123 ¢
128 CF!
| F-
126

21
128
12
3¢

R T
132

. e
-

. e

IS DIF POINT ON PLATE EDGE? IF NOT 5¢T DiF POINT AT
APPROPRIATE CORNEM AND SET LDIF FALSE
IF (VMG.LT.!.E~5) GO TO 10}
IF :::0;&7-;“3(”.“5)'4.5‘4) G0 TO 182
m"””ﬂ(“’.m.u)-l E=4aV(UP MEH)
LDIF=.FALSE.
G0 TO 182
DO @4 Nwi 3
XDP(N)ISL (NP, HE N ® | LE~4aV( NP ME,N)
LDIF=,FALSE,
00 16 Kmi,3 -
VECT'VP(“P‘”S.H).CNNV"‘”J"WP
XDP(N aXDP (N)+ | . E=SoVECT
XDPPIN)=XDP(N)
3. CHECK TO SEE IF RAY IS SHADONED ANYMHERE
DETERMINE IF REFLECTICN OFF PLATE #4R OCCURS
CALL PLAINT(XDPP D.J DHIT ~KR LHIT)
IFC.NOT.LHIT) GO TO 4¢
DETERMINE IF RAY AF'E? RE?LECT:ON HITS PLATE
CALL PLAINT(XDPP ,D,DHY MR, LHIT
IFC(LHITY GO TO 40
DESERMINE IF RAY AFTER REFLEZ(TION HITS Cnlmn
CALL CYLINT(XDPP,D,PHSR,DHT,LHIT, . TRUE,)
IE(LHIT) GC TG 49
DETERMINE IF EDGS DEF. RAY HITS PLATE BEFORE REFLECTION
CAU. PLAINT(XDP, DJ  DHT, 4R, LHIT
JFELHIT.AND. w.‘T.LT.mtTn 00 m 49
DETERMINE {F EOGE DIF. RAY HITS CYLINDER BEFORE REFLECTION
CALL CYLINT{XDP.DJ,PRIR,DHT LHIT,.TRUE.)
IFCLHIT. AND. (DNT.LE.ORIT)) GO 10 49

Spbed,

0O 11} Nel 3

VIP(HI=XDP(N)=-X5(N}

SPPuSePeVIRINISVIPIN)

SPPSORT (SFP)

DO 112 Kel )

VIP(H)IaV]IP(N)I/SPP

ml NE §F RAY FROM SOURCE HITS A PLATF OR A CYLIMNDER
CALL n.mmrs V‘P.DM.HP.IHfTI

FECLHE T 48D, ED‘GT.LT. SPP) QO 10

THIRJTANZ (SIQTIVEC1 0¥ L] Jov] (Z:Mil 233, VE¢3n
PHIRSSBTANI(VIC2),VEC1))

CALL CYLINTCXS,V!,PHIR, OHT,LHIT, JFALSE.?
IF(UﬁT-Aﬁﬁ-CD&T LT.59P1) 0 TO @

;i_emuu:e DIFFRACTION ANGLES ARD 5SELATED GEORETRY

Phad,
e,

el

D) 28 Hei, )

QI wQi=¥KINP NI VLN
PPAEPVR(NE ME N JeVE ()
QO-GREVE NS, K) 20 (%)
PDePOLVPLNP  XE N h!l! N}

CALCULSTE P55 ART) 25, IME INCIOENY AND OIFFRACTED PHI ANGLES

i EDSE-FIXED mﬁmm sysiEa
m-srs:zs&}t 8 1]

FFIPSD. LY.y ) PSOu3SD. 0850
PMIA%:(@.WS
PEelPRatsE

1FUPS, L7 8.0 ©5380, »5
PSS

PSDePS
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133

137 21

143 CL il

145
140 30
4%
148
14y
15¢
1510

I53 cist
154
t5%
156
157
156 Ct 1!
159 G111
162
10t Ct¢t
162
143
1864 Ci 1!
195 1 4t
1464
147 Ctit

15% Qi1

IF(FI1.LE,2.)G0 TO 21

FNRFN-2 . . ,

PSOD=360.-PS0

PSD=360,~PS

FliPaFl®|80.+1,E=4

IF(PSO.GT.FUP.OR.PS.GT.FNP)Y GO TO 49

SPHOSSIH(PSOR)

CPHOCOS(PSOR)

SPH=SINSPSR)

CPH=COS( PSH )

ggﬂgg?g ll)l ;FRACTIOH POLARIZATION UNIT VECTORS(PHO.P&,BOP.BO)

=i,

PHOCN) m=VP (NP, ME N )9SPHOSVYN{ 3P , M) #CPHO

PH(N)=<VP{MP ME, N)*SPHOVNC 4P N)*CPH

BOP( | )wPHO(2 Javi (33=pHOC ) avE(2)

BOP(2)=PHOCI)#VI (1 )=PHO( 1) 2V )

BOP(I)=PHOC 1 JaV] (2)=PHO(Z ) #VI( 1)

BO¢ 1 )=PH(2 3#DI(3)=PH(3)*DI(2)

BOC2 )mPH(3 }#DJC 1 )=PH(1 )20} (3)

BO(3)wPH(1 )2DJ{2)=-PH(2)2DJ (1)

COMPUTE SBO=SIMNE(BO)

SBORSORT ((VHP JHUE, 3)#0J(2)=V (4D, HE,2 12D (I T mede (V(UP,HE 1)
29DJ(3)=V CHP, FE ¢ 3)% 00 (1 D) 424 (VLHP UE ,2 1D ( 1 Y=V P HE, 1)
2eDJ(2)1992)

TPPmSP#3E0#SED

S, CALCULATE EDGE DIFFRACTED FIELDS

COKPUTE SOUNCE PATTERN FACTORS

CALL SOURCE(EF ,EG,EIX,EIY.E{2, THIRPHIR, VXS

COMPYTE INCIDENT FIELD COMPONENTS PARALLSL AND PERP. TO 2DGE

EIPRsEIXAePHO( 1 YoEI YRPHO(2) vE1Z#PHO( 3)

EIPL=EIX"BOP (1 JeE] VWGP 2)EIZ#BTPII)

IF SLOPE DIF [S DESIRED, COUPUTE INCIVDENT SLOPE FIELD

PATTERN FACTCORS

IF(LSLOPEICALL SCURCP(EIPRP,EIPLP, Vi PHC,BCP . VXS)

CALCULATE LOCATION OF DIF POINT IMAGE IN PLATE uR

CALL IHACE(XDP,XD,ADN,HR)

CALCULATE PHASE TERM FO% DIF IMAGE POINT

GANXDP( 1) D61 )9 XDPC2)oD(2 1 XDPC 3 #D(Y)

Exm-:.exmcunxm..rpx-cmu-s:m/saqnsm

COMPUTE EDGE DIFFRACTION COSFFICIENT

CALL Dw{DS, m-.aas‘am.rpp.psa.s'sca.saa.s-..z.sumwn

IF cLD"SUG) KRITE (6,0) ELPR . EIPL,EL*P,EIPLD

IF (LDEBUGY ¥RITE (é.») [US,DH, DPS, DRH

IF (LOEBUG) KRITE (6,e) TPP,PSQ, PRS00 ,SE0FY

CONPHTE PERPRIDICULAR AND PARALLEL C3"PONENTS OF

EUGE DIFARACTED PIELD (0P8, SPL)

EOPRE=E PHODY

EOPL==CiBLeDS

IF 3LOPE DIF 1S DESIRED, ATL SLOPE FIELDS 70 £00E DIF

FLELD CONPONENTS

TFCROTLSLOPEGHD TO 2

EDPReEDPR-E! mwwwma&m. R LAY ST

EOPLOEDPL-EL PLOodR S/SUBL XL, TP eSPeSAN)

&, CONPUTE EDUE DIFFRACTEDR REFLECTED may

CONPUTE VARLALLES TC TRARSFORN POLARIISTICGH #3908 [ICIDOENT

RAY FIYED COCHE 5YS Y0 REFLECTION PLAJE COOND 5vs

VI aWE IR, 28051 3V -VHOE  J3ellt 2}

VIR sVEIRR, 200N D)2 rG, | el i (D)

v:-nawacuu.nmaczt-vmm 25e2201)

CHEARVNTK, | 5001 JaVRI S0, 216301 220311 42 31 0 83¢ 3)

CIARVROIG L} PELT LoVNL2it, 21 ODHE D o R, JIRTHL D

‘2!»#"(!3-%(!3-;* :2:63{1(*:-??:- *351 3) :

C22AVTL L) eDEL F 1OVT{IOPHL J1aVTL I 00%L 3} N

COMPUTE VARIASLES 7O TRANSFORN RAY DOLARIZATIUN FRCGH PLATE

gﬁih:‘!%s 70 RAVSFIXED THETA X9 PYI CORPONENTS ROR 3EFL
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199

204
205

238
239
240
241
242
243
244
245
246
247
248

251
252

ciy
ctit
crt
citt

(A R
ciyt

ciit
282

cit
35

ciiy

ey

31

cti
ctit
3i2

ciit
cii
203

ct

Nmewne SVERIES SR
Lend e ar L AGLA A T R e S

ClImVN(MR, 1)3DT(1)+VN(MR 2 )*0T(2)+VN(YR, 3} +DT(3)
Cl12=VR(MR, 1 )2DP( 1) $VH(MR ,2)2DP (2}
C1=sVT{ 1 )RDT (1 )4VT(2)%DT (2 )4V 3)*DT(3)
C22=VT(1)%DP(1)3+VT(2)4DP(2)
A3=C | 1 %C22-C 12#C21
DETERMINE IF EDGE DIF FIELD EXISTS
1F (.NOT.LDIF) GO TO 282
COMPUTE POLARIZATION OF DIF FIELD INCIDENT ON PLATE MR
IN COMPONENTS NORMAL AND TANGENT TO THE PLATE (Al AND A2)
A)1=EDPL*C! 1 A+EDPR#C12A
A2=EDPLWC2 | A*EDPR*C22A
CALCULATE THETA AND PHI COMPONENIS OF REFL FIELD IN RCS
AL RC22+22%CI12) /A3
ECo= (A2#C: I+AI*C21)/A3
ADD PHAS: TERM TO OBTAIM DIF REFL FIELD COMPONENTS
EDTH AND EDPH
EDTH=EF*EXPH
EDPH=EG=*EXPH
7. 1€ CORNER DIF FIELD 1S DESIRED, COMPUTE CORNER FIELDS
IF (.NOT.LCORNR) GG 0 4@
BETN=PSD~PSOD
BETP=PSD+PSOD
MC=ME~1
ISN=1
LOOP THRU BOTH CORMERS ON EDGE #ME
NC=MC+!
IF(MC.GT.M™  "iP}) MC=l
ISN=~[ SN
RX=XS(1)=i AC, 1)
RY-XS(Z)"X(MP,WC.Z)
RZaXS(3)=X{MP,MC,3)
RK!SQRT(kA*RX*RY*RY*RZ*RZ)
CTH=V{MP,ME, i ) *RX+V(MP ME.Z)*R“*V(NP ME,3)*RZ
CTH'ISN*CTH/RM
CTHP=[ SN+*DV
THPR=ACOS(CTHP)
THR=ACOS (CTH)
STHR=SIN(THR}
DEL®2.*TPI %R M# (COS(, 5% (THR+THPR ) } %22 )
ZPu( X(MP MC, 1)=XD( 1 2)*DJ (1 )+ (X (4P, MC,2)~XD(2))%DJ(2)}
2+ (X(MP,MC,3)=XD(3))*DJ(3)
TERM==STHR/TPI 7 (CTH+CTHP }/SORT (RM}
COMPUTE CORNER DIFFRACTIUN COERFICIENT (CORN).
CORN==TERM*FFCT ( DEL ) *CEXP( CMPLX (@4 y=TP I*(RU~SP~ZP )=, 25%P1))
CALL DI(ECBI,TPP,BETN,SBO,FN,DEL,.TRUE.)
iF(LSURF(MP))GO TO 311
CALL DI(ECBR,TPP,BET®, SBO, FN,DEL,,TRUE,)
COMPUTE MODIFIED EDGE DIFF. COEF{ILXENTS (DH.DS).
DH=ECBI+ECFR
DS=ECBI~cuBR
GO TO 312
DH=ECBI
DS=(Q, .Ho-’
COMPUTE COMPONENTS OF CORNER DIFFRACTED FIELD PARALLEL
AND PERPENDICULAR TO EDGE
EDPRw~E] PR*DiH¥EXPH
EDPLw»=E]PLADS*EXPH
IF(.NOT.LSLOPE)CO TO 203
EDPK=EDPR~EI PRP*DPH2EXPH/CNPLX (., TPI* SP*SBO)
EOPL=EDPL~E]PLPRDPS¥EXPH/CMPLX(B. , TPI*SP*S30)
COMPUTE CORNER DIFFRIACTED FIELDS INCIDENT ON PLATE MR IN
FLATE COORDINATE SYSTEM
Al =EDPLAC] 1A+EDPR*C12A
A2aEDPLwC2 | A+EDPR*C22A
COMPUTE CORNER DIFFRACTED FIELDS AFTER REFLECTION IN RCS
EFm(Al RC224A2%C12) /A3
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205 EGm-(A24C1 14A14C21) /A3 _
r 206 C1!! COMPUTE THETZ AND PHI COMPONENTS OF COKNER DIFFRACTED
? 267 C!11 HEFLECTED FIELDS (SCTH, ECPH) IN RCS
e 208 ECTH=ECTH+EF+CORN
269 ECPH=ECPH+EG*CORN
- 270 IF ¢.NOT.LDEBUG) GO TO 36
: 271 WRITE (6,%) DS,DH,EDPR,EDPL
i 212 WRITE (6,%) ECTH,ECPH,CORN
213 WRITE (6,%) EF,EG
274 36 CONTINUE
. 275 IF(4C.EQ.4E) GO TO 35
1 276 40 IF (.NOT.LTEST) GO TO 204
' 27 WRITE (6,205)
278 205 FORMAT (/,” TESTING DPLRPL SUSROUTINE’)
279 WRITE (6,%) EDTH,EDPH,ECTH,ECPH
;’ 280 WRITE (6,%) FN,ME,MP MR
i 281 284 RETURN
- 282 END :
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DPTNFW
PURPOSE
To compute the diffraction point for a ray which is diffracted
by a given edge and observed at a specified near field point of -the
plate.

PERTINENT GEOMETRY

SOURCE :
LOCATION OBSERVATION
Xs ,//? POINT XO
DIFFRACTION I

POINT XP £l
— coansa ME|
XPS I

TS| )Z;:ose ME XPO
XOSE

PLATE MP

Figure 60-- Geometry for fwnding the diffraction point with the ;
observation point in the near field of the plate.

MET:OD

The diffraction point is found using similar triangles defined
by perpendiculars from the source and observation points to the edge
line. The diffraction point is given by

Y0 = m + SSXfOSE v’ '

where the above qﬂantities ére i1lustrated in Figure 60.
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FLOW DIAGRAM

DPTNFW (XS,X0,XD,ME,MP)

INPUT VARIABLES
Xs :,ykéscolponents of source location
n

X0 x,y,z components of observation point
in RCS

MR plate where diffraction occurs
ME edge on plate NP where diffraction
occurs

OUTPUT VARIABLES -
XU “k,y,z components of diffraction point
location in RCS

Take dot products and compute

diffraction pefnt using similar

triangles to satisfy the laws
of diffraction

I Return I

SYMBOL DICTIONARY

DISTANCE FROM SOURCE TO POINT XpS

VISTANCE FROM OBSERVATION POINT TO POINT XPO
DISTANCE FRCM XPS TO XD ALONG EDGE LINE

DO PRODYCT OF RAY FROM CORNER ME TO OBSERVATION
POINT AND EDGE UNIT VECTOR

DUT PHODUCT OF RAY FROM SOURCE TO ORSERVATION
POINT ANDL EDGE UNIT VECTOR

goéNTEON LINE THROUGH EDGE ME CLOSEST TO
VURCE

POINT ON LINE THROUGH EDNGE ME CLOSEST TO
OBSERVATION PQINT

v, RHOgUCT CF KAY FRO@ CORNER ME TO SOURCE
AN EDGE UNIT VECTGR
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CODE LISTING

e CO RO Us LN —

Lo 3RS O N

’

oo G
pipiapia

1@

20

0

o o oo
pompE N

SUBROUTINE DPTNFW(XS,X0,XD,ME,MP)

DETERMINES THE NEAR FIELD DIFFRACTION POINT ON A PLATE EDGE

DIMENSION XS§(3),20(3),XPS(3),XP0{3),XD(3)

COMMON/GEOPLA/X(14',6,3),V(14,6,3),VP(14,6,3),VH(14,3)
2 MEP(14)MPX

XSCE=g.

XCCE=g., !

XOSE=2.

DO 19 N=i,3
XSCE=XSCE+(XS(N) =X (MP, ME ,N ) )#V (MP, ME ,N)
XOCE=XOCE+( XO(N) =X (MP, ME ,N ) ) #V (MP, ME ,N )
XOSE®XOSE+ (XO(N) =XS(N) )*V(KP ME,N)

DO 20 N=1,3

XPS{N)}=XSCEXV(MUP ME,N)+X{MP,ME,N)
XPO(N)=XOCE*V(MP ME N)+X(MP,MEN)

SS=( XSC1I=XPS( 1) I (XS 1)=XPS (1)) +{XS(2)=-XPS(2) )% (X5(2)=XPS(2))

2+(XS(3)=XPS(3) )% (XS(3)=-XPS(3))
S§5=SQRT(SS)

S0=CXOC1I=XPCO1) I*(XOU1)=XPOC! 1) 4(X0(2)=XPO(2))*(X0(2)=XPO(2))

24(X0(3)=XPO(3) )% (X0(3)=XPO(3))
SOsSORT(S0)

TS=SS*XCSE/ (S54S0)

DO 30 N=1,3

XD(NY=XPS{N) +TS*V(MP  ME, N)
RETURN

END
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L o
%" PURPQSE
L3 3

To numerically integrate a given function over a specified range.
METHOD L

Q;; "-‘“W‘f

This subroutine uses a 32 point Gaussian quadrature formula to
gomp?te the integral of a function[11]. The form of the integral
is given as

'

i e B 6]

XU
Y = { FCT(x)dx .
L
g‘
i
g« FLOW DIAGRAM
DQG32( XL, XU,FCT,Y)

INPUT VARIABLES
AL lower limit of integration
XU upper limit of integration
FCT function being integrated

QUTPUT VARIABLES
Y result of integration

8 seray
[

PP

l Perform integratm

L Return *]

SYMBOL DICTIONARY

U FUNCTLON DEFINING THE INTEGRAND

Al LUWNLKR BOUND OF [MTRGRAL
. AU UPPER BCRID OF [NTEGRAL
! \ RESULT e [NTEUKAL
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CODE LISTING

&t

‘ L s 4 w
2 SUBROUTINE DCG32 (XL, XU,FCT,Y)
3 Ciy
g 8ii§ 32 POINT GAUSSIAN QUADRATURE INTEGRATION ROUTINE
o A= SDR%(XU+XL)
1 baXU-XL
b C=.498635193092474D0%B
9y Yo . 358930504 7350D=2*(FCT(A+C) +FCT(A~C))
lo Cm=, 49285755 97263D0*B
-+ YuY+.8137!073654520)-2% (FCT (A+C)+FCT(A~C))
12 C=,4823611277937500*8
13 Y=Y+.1209603265463 1D~ 1% FCT(A+C)+FCT(A~C))
14 C=.46745303756886D02* B
15 Y=Y+, 1713693145651 0D=1*( FCT(A+C)+FCT(A-C))
10 C=.44810057788352D@*B
17 Y=Y+.2141794%0 111130~ #(FCTCA+CI+FCT(A=C))
16 C=.42468380686628D0%B
1y Y2Y+,254%9025631 188D=1%(FCT(A+C)4FCT(A~C))
2 C=.39724189758397D@%B
21 YaY+,2954204673926TD=~1%(FCT(A+C)+FCT (A=C))
22 C=,3660% 14593781 4DO*B
23 Y=Y+.32511 111388 184D=1*(FCT( A+C)+FCT(A~C))
24 C=, 3315221334651 0D0*R
25 YsY+.36172897054424D~1*( FCT(A+C)+FCT (A=C))
20 C=,29385787862038D0*B
7 Y=Y+,390669478935350- 1 %( FCT(A+C)+FCT(A=C))
28 C=,253449954466.1 IDA*B
2% YeY+,41655962.1 13473D-1%(FCT(A+C)+FCT(A=C))
S0 C=.21067563806531D8+*B
a1 YaY+,4382004650220 1D=1*#(FCT(A+C)+FCT(A=C))
32 C=, 165924381 14106DA*B
I YaY+,4558693934788 | D=1 ¥( FCT(A+C)+FCT(A~C))
4 C=,.11964368112686D0*B
35 YaY+.,46422 19954040201 #(FCT(A+C)+FCT(A=C)) -
3o Cn,7223598079139D~ 1%B
37 YuY+,47819360039637D=1%(FCT(A+CY+FCT(A=C))
a8 C=.24153832843869D~1#B
3y YuBx (Y+.482700442573630= 1 # (FCT(A+C)+FCT(A=C) )}
£ g
4
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PURPOSE

R PR AT

gy g

Tc determine wedge and slope diffraction coefficients for the
soft and hard boundary conditions.

METHOD

This subroutine calculates the edge diffraction and slope dif-
fraction coefficients for the hard and soft boundary conditions using
the Uniform Geometrical Theory of Diffractlon[4 51. The edge dif-
fraction coefficient has the form

ot g g

Dg = DI(R,¢-¢',s1n8 ,n) = DI(R,¢+¢',sinBo.n).

ey

where D, is for the hard case and Ds is for the soft case and
n is thd wedge angle number (FN).

| s of
. %

The slope diffraction coefficient has the form
) |
3$${ = DPI(R,¢-¢',51nB,,n) + DPI(R,4+¢',s1nB ,n).
In both cases the ¢-¢' part refers to the incident part of the dif-

fraction coefficient and ¢+¢' refers to the reflection part. For
grazing incidence where ¢'=0, the diffraction coefficients have the

PR, & aaiarion §

i form
- DI(L,¢,sinBo,n)

| D = 0

: BDS
Fro DPI(L,¢,sinBo.n)

GRLE
! An illustration of the wedge geometry is given in Figure 55.
:
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FLOW DIAGRAM

SUBROUTINE DW(DS,0H,HPS,DPH R ,PH,PHP,
580,FN,LSURF)
INPUT VARIABLES

R distance parameter

PH diffracted ray phi angle in edge-fixed
coordinate system (in degrees

PHP incident ray pht angle in edge-fixed
coordinate system {in degrees)

$80  sine of 8., the angle the rays make
with the Sdge

FN angle nusber

LSURF set true if the source {s mounted on
the surface of one of the plates
forming the wedge

OUTPUT VARIABLES

0s edge diffraction coefficient for soft
boundary condition

OH edge diffraction coefficient for hard
boundary condition

0PS  slope diffraction coefficient for soft
boundary condition

OPH  slope diffraction coefficient for hard

boundary condition

Compute incident component
of diffraction cosfficients

LSURF=TRUE?
grazing incidence

1s

|

coafficients

Compute reflected
part of diffraction

I

Specify grazing incidence

Compute totsl

coefficients diffraction

coafficients

g e et RN f e e b bsen
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SYMBOL DICTIONARY

BETN
BEYP

LH

DIN
DIP
DPi
UPM
opp
DPS
ps

&N
LSURF
PH
PHP
]
SBC

CODE LISTING

[ ]

DIFFERENCE LETWEEN DIFFRACTION AND INCIDENCE ANGLE

DI FFERENCE GETHEEN DIKFRACTION AMD [MAGE OF
INCIDENCE ANGLE

E”GE DIFFRACTION COEFFICIENT FOR THE HARD BOUMDARY
AS

[HCIDENT PART OF EDGE DIFFRACTION COEFFICIENT
REFLECTION PAMT CF EDGE DIFFRACTION COEFFICIENT
SLOPE DIFFRACTION COEFFICIENT FOR THE HARD BOUMDARY CASE
INCIDENT PAKT OF SLOPE DIFFRACTION CCEFFICIENT
REFLECTIOM PART OF SLOPE DIFFRACTION COEFFICIENT
SLOPE DIFFRACTICN COEFFIECIENT FOR THE SOFT BOUNDARY CASE
sugg DIFFRACTION COEFFICIENT FOR THE SOFT SOUNDARY
CASE

WeDE ANGLE NUMBER

A LOGICAL VARIARLE THAT IS SET TRUE IF THE SOURCE
IS MOUNTED (N TRE SURFACE OF THE WEDGE (GhAZING
INCIDENCE)

DIFFRACTED hAY PHI ANGLE IN DEGREES

INCIDENT KAY PH! ANGLE IN DEGREES

DI STANCE PAKAXETER

SINC(BO}

- 2 s
s o v b
- e e e

ARE

LLCENO U Do, ~
ccocc

14 ¢!

SUBROUTINE DW¢DS,DH,DPS, DPH, R, PH,PHP,SBO,FN,LSURF)
WEDGE DIFFRACTION AND SLOPE DI FFRACTION COEFFICIENT

_FOR THE SOFT AND HARD BOUNDARY CONDITIONS

LOGICAL LSURF

COMPLEXY DIN,DIP,ULPN,DPP,DS,NH,DPS,NPH
INCIDENT PART OF DIFFRACTICN COEFFICIENT
BETN=PH=-PHP

CALL DI(DIN,R,BETN,SBO,FN, 1+ 4o FALSE.)
CALL DPI (DPN R, BETN SBO.FP

TFCONOT, LSUHF)GO TO I

GRAZING INCIDENCE CASE

DS”(U-,QQ)

DH=DIN

DPS=DPN

DPH=(y, ,0,)

RETURN

CONT [NUE

REFLECTION PART OF DIFFRACTIQN COSFFICIENT
BETP=PH+pPHP

CALL DI(DIP,R BETP,SBO,FN, I, ,.FALSE,)
CALL UPI(DPP,ft,BETP,SBO, F¥)

DSl IN=D P

UHeD B TP

DPS=DPNeUPR

DP4eIPH={1Pp

RETURN

END

e
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PURPOSE

To compute the diffraction coefficient for an edge formed by two
curved surfaces. ‘

METHOD

This subroutine computes the diffraction coefficient for a curved
edge based on the uniforw Geometrical Theory of Diffraction (4 ], The
diffraction coefficient {s given by

“‘.3) 'J */4 ZsintanLia “]
: Zn.ﬁ?ksha cos(s/nj-cos[{¢~¢')/n

r{“"( : )Fm"‘e“’(wn.

+ cot (k%?-'-)—) F(kLma(M')I} R

where a(8) 3 2;35 {2, & *(8)=2 cos?(2m-B)/2, n s the wedge number
(FN)}, and L',L ", are the distanca parameters for the incident part,-
veflection fmn the n-surface and o-surface, respectively.

Nhen the diffraciion angle is close to one of the shadow boundaries,
the following approximation is used

ot 2B KL
am("s) Flstal(g)) = 2 7 2kl & o ful

whare the plus or minus sign is chosen depending on which side of the
shadow boundary the diffraciion angle is on.
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B |

DI

FLOW DIAGRAM

gy

§ e

0Z(NS, oM, FLL +FLAN FLRO,PHR, PHAR, S50, F 81}
INPUT YARIABLES

FLAN distance parameter for reflection from
the N-surface

FLRO distance parsaeter for reflection from
thir Q-surface

PHR  difiracted ray phi angle in radians

PHPR  tncident ray phi angle in radians

S80  sine of 3, tae angle the rays cake
with the Bdge 0

FN wedge angle number
’ OUTSUT VARIABLES

FL1  distance paraseter for incident part

T

f -xl-'-/.:.‘.!

05 dfffraction coefficient for soft doundary
condition

04 diffraction coefficient for hard boundary
condition )

et nd

Comgute incident part of
3 aiffraction coefficient

Corpute Nesurfice reflected
H corponeat
I

Cropute Q-surface raflected
conpanent

Coxpute taia! diffraction
caffigient

I

I
Seaziny ingigente
gregeat?

hY.]

COMCUtS graring 152 10onge
- Confligionic (383 Fartor
3 ot 0.8 1o ¢reifigtenty!

l Rotyra '

135
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SYMBOL DICTIONARY

, {
A ANGLE FUNCTION FOH INCIDENT AND O-SURFACE TRANSITION

FUNCTIONS
AP ANGLE FUNCTION FOR N-SURFACE TRANSITION FUNCTION z,
CSP  CUS(PHR/2.)
OH  DIFFRACTION CUEFFICIENT FOR HARD BOUNDARY COMDITION '
DS DIFFRACTION COEFFICIENT FOR SOFT BOUMDARY CONDITION
Fi CONSTANT FACTOR

£2 INCIDENT PAKT OF DIFFRACTION COEFFICIENT f
F3 N-SURFACE PART OF DIFFRACTION COEFFICIENT i
Fe 0-SURFACE PART OF DIFFRACTION COEFFICIENT
FLI  DISIANCE PARAMETER 7OR THE [NCIDENT COMPOHIENT
FLEN  DISIANCE PARAMETEN FOR THE WEFLECTION FRO" THE _
N=-SURFACE
FLKG  DISTANCE PAKAMETER FOR THE REFLECTION FRO® THE !
O~SURFACE '
Fi WEDGE ANGLE NUMBER :
PHPN  INCIDENT RAY ANGLE IM RADIANS : i
PHN  DIFFHACTED hAY AKGLE IN QADINIS |
PUR  DIFFERENCZ VETWEEN DIFERACTION ANGLE AND THE
INCICENCE AMGLE
PPk DIFFERENCE LETWEEN DIFFRACTION ANGLE AMD THE IMAGE :
OF THE INCIDENCE ANGLE .
S8y SINE OF 80 !
TAND  N-SUWFACE AMGULAR DEPENDENCE CF DIFFRACTION
COEFFICIENT
TAN2  O-SUNFACE ANGULAR DEPENDENCE 0. DIFFRACTION COEFFICIEMT

P
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CODE LISTING

o s,

] LY . - -y ---—-—-—--—-————-———n.——.———-.-—---
2 SUBKOUTINE 02(05 DH, FLX FLRN(FLRO, PHR, PHPR { SRQFH}
3 Cit
4 (.”: CURVED EDGE DIH‘RACTION CJEI'FICIENT
S C
9 CUMPLEX FXY, .“ F2.F3,F4,D5,DH,CJ
7 CONMON/PIS/PI, TPI, PR, RED
b PPR=PHH+PHPK
Yy PNR-PHR-PHPR§
1o rI'CEXP(LWPLX(@..-Pl/4 ))/(2 *FN*TPI*SB0O)
APty INCIDENT PART:
12 CSPaCOS(.5%PRR) |
" A=2, *USFACSP. |
14 IF(ABS(PNH=P1) LT, 1. E~5) " PC TO i@
1% F2=CMPLA(COS(PI/ZEN)=COS{ PMR/FN), A, )
lo F222.#SIM(PI/FN)*FKY (FLI ,A)/F2
17 GO TO 15 :
18 19 PZ-C:XP(C'PLX(H..PI/4 +TPI*ARS(FLII*A)) |
ty IF(CSP.L1.i0.)] F2a=F2
P FRa=r 2% TRIXCSORT(CHPLXCFLI, 2. ))

21 Crtt N-SURFACE REFLECTION PART
2 15 CSP=COS(.5*(TPI*FL-PPR))

23 AP=2 . xCLP*CSP,
e TANI=TANC((PI+PPR)I/Z(2 .%FN))

i IF(ASCTAND) LT, 1.E=5) GO TO 2@

“t € 3=E LY (FLAN, AP)/TAN]

27 GO U 2%

e iv PI=CEXPCUPLXCH. \P1/4.+TPI*ARS(FLEN) %AP))
2 IF(CSP.IT 0. ) F3=~F3

v F3=~F2ar P TPI*CSORT (CHPLXC FLRM ,@.))

<i Ll C-SUkFACE REFLECTION PART
Lé &5 CSP=COS(.5*PPR)
o A=2 XCSF*CSP

4 TANR=TAN((PI=PPR)I/(2.%FN))

) [r CALS(VANZ) LLT. 1.E-5) GO TO 3¢

<C r4-rnY(rLRC.ﬁ)/TAH2

Ky GO 70 3%

36 b k4—CLXP(CWPLX(@..PI/4 +TPI#ABS(FILRO)*A))
sy [F(CSP.LT.0.) Fas=F4

4y ré==r4xrXNxTP[*CSORT(CMPLX(FLRO,C.) )

«b LY TUTAL LIFFKACTION COEFFICIENT
42 55 LS=F I#(F2+F>+F4)

45 UH=F I % (°2~F3=4)

«a LY GHAZING INCIDENCE CASE

oy [F(PPPLR.GT.1.E=5) GO TO 4@
40 DS=., 5=U¢ i

P DH=. 5Dk

co <y CONT I UL

Ly HETUnN

1% Ei.i

S S O
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ENDIF
PURPOSE

To compute the fields due to the diffraction of source fields
from a given cylinder end cap edge.

PERTINENT GEOMETRY

© Figure 61-- Illustration of diffraction point coordinate system.

X =

o

XEX + § XEY + Z XEZ

£
&=§YH+§YH+§YH
%=§za+yzn+2zu
METHOD

The Geometrical Theory of Diffraction L4]is used to compute
the fields diffracted by the curved edges formed by the end cap disk
and the curved surface of the elliptic cylinder. The form of dif-
fraction coefficients for the curved edge are similar to that given
in subroutine DIFPLT except that the distance parameters and spread
factors are slightly different. The details are given on pages
127-131 of Reference 1, The fields from four possible diffraction
points on the edge are superimposed to give the total diffracted
field from one end cap. For small regicns of the radiation pattern,
it is posisble that three of the diffraction points will coalesce
into one point leaving two diffraciton points on the edge. When

188




5 e e S AP AS S S o -
b= -

3 this happens a finite spike (psuedo caustic) of small angular ex-
tent appears in the pattern. One way to correct for this is by

- the use of an equivalent current solution[12]. However, this

3 is costly in terms of computation time so it has not been included

“ at present. The overall solution is not effected significantly

by this approximation. The phases of the diffracted fields are
referred to the reference coordinate system origin and the total
. field are represented as

. o -3kR
; rd W, (EDTH + EDPHG) Sp—

.- endcap
T -JkR

where the factor Q—R—- and the source weight (Nm) are added else-
where in the code.
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FLOW DIAGRAM

ENDIF (EDTH,EDPH,NC)

EDTH theta-component of diffracted field in RCS
with phase referred to origin

EOPH phi-component of diffracted field in RCS
with phase referred to origin

NC end cap where diffraction occurs

(——Yes

g YES

EQTH=0
EDPH=0

l Calculate diffraction points 4]

|

[ Step through diffraction points }-47

L

Set up incident ray geometryAL]

Des
diffracted ray
hit a plate?

Does
incident ray hit a plate
hefore the cylinder

No

Calcu!aie incident field
pattern factor

Calculate diffraction point
coordinate system unit axes
and related geometry

Compute incident field 8 and 5d
untt vectors in dtlfré&tion
point coordjnlte system

l
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Cow ute components of incident
field parallel and perpendicular
to edge

L

Compute parameters ysed to
calculate diffraction coefficient

l

Calculate phase term
(refer phase to RCS origin)

-

Calculate diffraction coefficients

l

Compute diffracted field components
perpendicular and parallel
to the edge

1

Calculate diffracted field 3, and §
potarization vectors in difﬂuctlon
point coordinate systen

l

Compute thetd and phi components
of diffracted field in acs

Anotner
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SYMBOL DICTIONARY

AE
80
CBo
CPE
CIE
CTH1
cv
OH
OHIT
1)

DS
EDPH

EDPP
EDPR

EDTH

RADIUS OF CURVATURE OF EDGE AT DIFFRACTION
POINT IN END CAP PLANE

THE ANCLE THE INCIDENT (AND DIFFRACTED) RAY MAKES s

WITH THE EDGE UNIT VECTOR

COSINE OF BO (DOT PRODUCT OF DIFF RAY AND
Z AX1S OF DIFFRACTION POINT COORD SYS)
COSINE OF PHER

COSINE OF THER

DOT PRODUCT OF INCIDFNT RAY PROPAGATION DIRECTION

UNIT VECTOR AND CYLINDER UNIT NORMAL

COSINE OF VR

X,Y,Z COMPONENTS OF PROFAGATION DIRECTION

AFTER DIFFRACTION IN RCS

DIFFRACTION COEF FOR HARD BOUNDARY CONDITION
DISTANCE FROM SOURCE TO NEAREST HIT (FROM PLAINT)
X,Y,Z COMPONENTS OF UNIT VECTOR OF INCIDENT

RAY PROPAGATION DIRECTION IN RCS

DIFFRACTION COEF. FOR SOFT BOUNDARY CONDITION
PHI COMPONENT OF DIFFRACTED E FIELD IN RCS

NITH PHASE REFERRED TO RCS ORIGINM

COMPONENT OF DIFFRACTED FIELD PARALLEL TO EDGE
%gIEONENT OF DIFFRACTED FIELD PERPENDICULAR
THETA COMPONENT OF DIFFRACTED E FIELD IN RCS
WITH PHASE REFERRED TO RCS ORIGIN
?}}EE?:SCOHPONENT OF INCIDENT FIELD PATTERN FACTOR
?:IugglPONENT OF INCIDENT FIELD P?TTERN FACTOR
COMPONENT OF INCIDENT E FIELD PARALLEL TO

EDGE
COKPOHENY OF INCIDENT E FIELD PERPENDICULAR 10

X,Y,Z COMPONENTS OF INCIDENT FIELD PATIERN FACTOR

[ESepa
.

& Pumey.

p ,.

e

NORMALIZAUTION CONSTANT FOR Z AXIS OF DIF POINT COORD SYS

X,Y,Z COMPONENTS DEFINING UNIT EDGE VECTOR (Z AXI
OF DIFFRACTION POINT COORD SYS)
WEDGE ANGLE NUMBER
DO LOOP VARIABLE
SET TRUE [F RAY KITS A PLATE (FRON PLAINT)
END CAP MHERE DIFFRACTION OCCURS
SIGN CMANGE VARIABLE
COMPLEX PHASE COEFFICIENT
SHI COKPONENT OF DIFFRACTED RAY DIRECTION IN
DIFFRACTION POINT COORDINATE SYSTER
A1 CONPONENT OF INCIDENT RAY PROPAGATION DIRECT!
(4 DIFFRACTION POINT COORDINATE SYSYEM
POLARIZATION UNIT VECTOR [N PHI DIRECTION
FOR INC. OR DIFFRACTED RAY IN DI FFRACTION POINT
COORD;NATE SYSTEM IN (X,Y,Z) RCS COMPONENTS
PHI COMPONENT OF INCIDENT RAY DIRECTION I¥ RCS
RADIUS OF CURVATURE OF CYLINDER SURFACE AT DiFF
POINT [N X=Y PLANE
RADIUS OF CURVATURE OF EDGE AT DIFFRACTION
POINT IN EXD CAP PLANE
SINE OF 80
SINE OF PHER

X, ¥.Z COMPOKENTS OF WHIT VECTOR OF PROPAGATION

_ DIHECTION OF IRCIDENT MAY

SIRE OF 80 SQUARED
SIKE OF THEM
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PEatl ats

LRy

sv
Ti
T2
THE

THER

THEZ
THIR
TOP
us
UN
UNEM
UNEZ
v

VR
vis

XC

XEX
XEY
Xg2

YEX }
YEZ

THEX
ThEY

UNEX
NEY

SINE OF VR

X,Y,Z COMPONENTS DEFINING THE INCIDENT (OR DIFF)
RAY PROPAGATION DIRECTION IN DIFFRACTION

POINT COORD SYSTEM

THETA COMPONENT OF DIFFRACTED RAY DIRECTION IN
DIFFRACTION POINT COORDINATE SYSTEM

THETA COMPONENT OF INCIDENT RAY PROPAGATION
DIRECTION IN DIFFRACTION POINT COORDINATE SYSTEM
POLARIZATION UNIT VECTCR IN THETA DIRECTION

FCR INCIDENT OR DIF#RACTED RAY IN DIFFRACTION
POINT COORD SYSTBM IN (X,Y,Z) RCS COMPONENTS
THETA COMPONENT OF INCIDENT RAY DIRECTION [N RCS
COMPUTATIONAL VAPIABLE

X.Y,Z COMPONENTS OF UNIT VECTOR TANGENT TO
CYLINDER AT DIFFRACTION POINT (2<D)

X,Y,Z COMPONENTS OF UNIT NORHAL TO CYLINDER

AT DIFFRACTION POINT (2-D)

NORMALIZATION CONSTANT FOR EDGE UNIT NORMAL Nf:

X,Y,Z COMPCNENTS OF UNIT NORMAL TO EDGE IN

END CAP PLANE IN RCS

ELL ANGLES DEFINING (UP TO) 4 DIFFRACTION POINTS
ON ENJ CAP NC

ELL ANGLE DEFINING DIFFRACTION POINT IN ERCS
X,Y,Z COMPOLENTS OF UNIT VECTORS DEFINING SOURCE
COORDINATE SYSTEM AXES DIRECTIONS IN RCS
¥§Y§gSCOHPONEPJTS OF DIFFRACTION POINT LOCATION
X.Y,Z CCMPONENTS DEFINING UNIT VECTOR OF X

AX1S OF DIFFRACTION POINT COORDIMATE SYSTEM
(VECTOR MORMAL TO EDGE AND PARALLEL TO END CaP
PLANE)

X AND Z COMPONENTS DEFINING UNIT VECTOR OF Y AXIS

OF DIFF. POINT CCORD SYS (VECTOR NORMAL TO END CAP)
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~ CODE LISTING

CEOT BN —

ciy
sve

I R3]

ci

cee

(S35

3 Ll

ui

SUBRCUTINE ENDIF(EDTH, EDPH,NC}
COMPUTES THE DIFFRACTED FIELD FROM THE END CAP RIM

COMPLEX EDTH,EDPH,EIX,EIY,ElZ,EIPR,EIPP,PH,EDPR,EDPP,DS,DH
COMPLEX CJ,CPl4,EF ,EG

UIMENSICN V(4),UNC2) ,UB(2),DI(3),XCL3)
LOGICAL LHIT,LDEBUG,LTEST
COMMON/DIR/D(3), THSR ,PHSR,SPS,CPS,STHS,CTHS
COMMON/GEOMEY /A,B,2C(2),SNC(2) ,CNC(2),CTC(2)
COMMON/SORINF/ZXS(3),VXS(3,3)
CUMMON/COMP/CI,CPI 4

COMMON/PIS/PI,TPI ,DPR,RPD
COMMON/THPHUV/DT(3),DP(2)
COMMON/TEST/LDEBUG,LTEST

EDTH=(8.,.)

EDPH=(@, '00 )

IF(LDEBLG) WRITE(6,902)

CALCULALE DIFFRACTION POINTS |
FORMAT(/,# DEBUGGING ENDIF SUBROUTINE”Z)
CAaLL DFPTCL(V,NC) .

IF(LDEBUG) WRITE(6,%x) NC,V

STEP THKll DIFFRACTIOM POINTS

DO 1 I=1,4

IF(V(]).LT.=500.) GO TO 2

SET UP INCIDENT RAY GEOMETPY
VRaV (] )*KPD

SvVaSIN{VR)

Cv=COS(VE)

XC(1)mARCY

XC(2)=BagV

XC(3)mA2{ TC(NC)*CV+ZC(NC)

DOES DIFFRACTED RAY FIT A PLATE?

CALL PLAINT(XC,D,DHIT,8,LHIT?

IFC(LHIT) GO TO |

SPX=XC({1)=XS(1)

SPY=XC(2)=-X5¢(2)

SPZ=AC(3)~XS(3)

SPMsSQRT ( SPX*SPX+SPY*SPY+SPZ*SPZ)
SPX=SPX/SPM

SPY=SPY/SPM

SPZ=aSPZ/SPM

TOP=SQRT(SPX*SPX+5PY#SPY)
THIR=BTANZ2 (TGP ,SPZ)

PHIR=BTAN2 (SPY,5PX1Y

DI} )=SPX

D1 (2 )=SPY

DI (3)a3p2

DOES INCIDENT KAY HIT PLATE BEFORE END CAP?
CALL PLAINT(X3,01,BHIT #,LHIT)
TECLHITAND (DRI TLLTLSPYY)) GO TO |
CALCULAVE INCIDENT FIELD PATTERN FACTOR
CALL SOURCE(EF,EG,EIX.EIY,EIZ,THIKPHIR,VXS)
{F{LDEBUG) WRITE(6,w) EF,FG

EXm=A#SYV

EYsleCY

EL=a=ACTCINC ) SV
EM2SOHTLEXREXSEYRLEYSEZ#EZ)

NCC=NC

ITFINCCLGT. 1) NCCm=)

CALCULATE DIF, POINT COORD. SYE UNIT AXES AND RELATED 5EQY.
EXaNCCwEX/EN

EYaNUUwEY/EM

blei (CoE2/EN

ChOUsI | ek Xe M 2)eEYS M J)wEL
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[F(CBO,GT.1.) CBO={,

SBO=SORT (| .~CB(#*CBO)

SSBO=SB(#5B0

UNEX=BaCVESNANC)

UNEY=A®SV/SNC(NC)

UNEZ=B#CNC(NC)*CV

UMEM=SQRT( UNEX*UNEX+UNEY#INEY$UNEZ*UNEZ)
UNEX=UWEX/UNEY .

UNEY=UNEY/UNEX

UNEZ=UNEZ/UNEH

RO ( (A®ARSVR SV4BABXCVACV )aw(1,5) }/A/B
RGAE=mA* A% SV SV4B#BASNC(NC)#SNC (NCIACVACY
RGAE={RGAE**1:5)/A/B
AE=RGAE/SNC(NC)/ZSNC(NC)

CALL NANDB(UN,UB,VR)

YEXw=CNC (NC)*NCC

YEZ=SNC(NC)wNCC

XEXm-YEZ®EY

XEYsYEZ#EX~YEX#*EZ

XEZ=YEXAEY

TIaXEX*SPX+XEY *SPY+XEZ#SPZ
T2=YEX*SPX+YEL*SPZ
T3mEX®SPX+EYNSPY+EZ% SPZ

THER=BTANZ2 (SCHT(TI#T 1+T2#T2) ,~T3)
PHERSBTAN2 (T2 (~T1)

1F(PHER.LT.¢.) PHERsTP]+PHER

FN=1 ,#ACOS (UN(C 1) #YEX) /P!

IF(PHER.GT ,FN*PI)GO TO 1

CTE=COS(THER)

STEaSIN(THER)

CPE=COS(PHER)

SPEsSIN(PHER)

CALCULATE INCIDENT FIELD THETA AND PHI POLARIZATION
UNIT VECTORS
THEXwXEXRCTEACPE+YEXNCTE#SPE=EXwSTE
THEYwXEY®CTEACPE~EY*STE
THEZwXEZ#CTE*CPE+YEZ*CTE#SPE-EZ#STE
PHEXw=XEX~SPE+YEX*CPE

PHEY»=XEY*SPE

PHEZm=XEZ# SPE+ YRZ*CPE

COMPUTE COMPONENTS QF INC. FIELD PERPENDICULAR AND PARALLEL
TO THE EDGE

EIPR=E X»PHEX+El Y*;HEY*EIZ'PHEZ

€] PPeE| AWTHEXSE] Yo {:EY‘E!Z*THEZ

COMPUTE PARAMETERS USED IN DIF. COEF. CALCULATIONS
TI1=UNEX* (SPX=D( 1))+ INEY*(SPY=D(2 )} +UNEZw(SPZ=D(I))
ReSPUwAERSSBQ/ (AE® SSEO-T I wSPM)
FLI»SPM»SSBO

FLRO=SPA#SSEQ

TIsUNC | JoUNEXSUN(2 )*UNEY

CTHI m=(SPX#UN( | ) oSPY#UN(2) )
RRNeSPMRAEWSSBQ/ ( AERSSROe24T 1 #CTH] #SPL1)
WHuBTAN2(=SPX*UB( | )=SPY#UB(2),~SPZ)
SSNaSIN(MR w2

SCN=COS(NR )2w2

55T20SSMSCHRaC THI*CTHE

RHO2eSPk

HHO 1 oSPH*HGACTH] /7( HOoCTHI 2 , #SPL@SST2)
FLRN=I{0 1w HHOZ#S9BO/ KRN

TinXEXeD( ) JoXEYRD(2) +XEZ#DLI)

T2eYEXeD( 1 )0 YEZ#D( 3)
JI«EXRD( 1) oEYRD(2)9ET0 D)

THEDH=HIAN2( SORT(Ti+T1eT20T2),TY)
PHEDHeHIAN2(12,T1)

JF{PHEDK.L Te8.) PHEDR@TPI¢PHEDR
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BG 2

133
134
13%
130
137
138
13y
140
141
142
143
(44
145
146
147
148
14y
158
151
152
193
154
15
I5¢0
157
158
'5¢
10¢
iol

162
163
.
105
oo
107
168
1119
(Y
1T

172
173
194

clt

cLil

cri
ciey

cru

iyt

2
111

ir e g e
T T

I¥ (PHEDR ,GT, FN*P1)GO TO

CTE=COS(THEDR)

STE=SIN(THEDR) ,
CPE=COS(PHEDR)

SPE=SIN(PHEDR)

CALCULATE PHASE TERM

PH=CEXP(~CJ*TPI*5PM) /5P
PHEPHACEAP(CI*TPI* (XC( 1)#D(1)+XC(2)#D(2) +XC(3)#D(3)))
CALCULATE DIFFRACTION COEFF!CIENTS

CALL DZ(DS,DH,FLI,FLRN,FLRO, PHEDR, ®HER ,SBO,FM) -

T¥ (LDEBUG) WRITE(6,%) FLI,FLRH,FLRO, PHEDR,PHER,SBO,FN
IF(LDEBUG) WRITE(6,%) DS,DH

[F(K.GE.0.) GO TO &

R=ABS(R)

PH=(d.,1.)#PH

CONTINUE

CALCULATE DIF. FIELD COMPONENTS PERPENDICULAR AND PARALLEL
TO THE EDGE

EDPRa=DH*SQRT(R) *E]PR#PH

EDPP==DS*SQRT(R)#El PPwPH

CALCULATE DIF, FIELD THETA AND PHI POLARIZATION UNIT VECTORS
THEX=XEX*CTE*CPE+Y EX#CTEASPE~E X#STE
THEYaXEY*CTE*CPE-EY#STE

THEZ sXEZACTE#CPE+YEZ#CTEASPE-EZASTE

THEX==THEX

THEY==TIEY

THEZ=-THKE2

PHEX == XEX# SPE+YEX¥CPE

PHEY®=XEY#SPE

PHEZ==XEZ2#SPE+ YEZ#CPE

CALCULAIE THETA AND PHI COMPONENTS OF DIF., FIELD IN RCS
EOTHsEDTH+ EDPR#( PHEX*DT( | ) $PHEY*DT (2 )¢ PHEZ*DT(3))
EDTHeEDTH4EDPP#{ THEX#DT( 1 ) sTHEY®DT (2 ) THEZ#DT(3) )
EDPH®EDPH+EDPR#( PHEX#DP( 1) +PHEY®NP(2))
EDPH=EDPHEDPP# ( TREXWDP( 1 ) THEY#DP (2 ))

CONTINUE

1¥t.NOT.LTEST) RETURN

WRITE(S,410)

FORMAY(/,2 TESTING ENDIF SUBROHUTINE?)

WHITE(6,#} EDTH,EDPH,/C

RETURN

END
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CONE Y .0 7 T

FeT
PURPOSE

Gosd Qi et

This function computes the integrand for various integrals used
to compute the diffraction coefficient for an elliptic cylinder,

METHOD

e |
:

we

[ By 3
.

For the present code, only the integrand defined for ID equal to
three is used. This is used to define the arc length between two points
on the elliptic cylinder. The arc length is given by

P sammind

v
f
= 1 16
t FT—S—I- I FCT(V)CV s

vy
where
FCT(x) = j;zsinzx + Bzcoszx .

SYMBOL OICTIONARY

a2 *g‘tsrﬁu;nfxg THE RADIUS OF TME ELLIPTIC CYLINDER
82 THE SQUARE CF THE EADIUS OF

THE, SQUAKE F i THE ELLIPTIC CYLINDER
CN COSINE OF X
F SORT (CASSINIVR Jee2e( SoCDS(VR ) ) o2}
ss:‘ SINE OF X :

THE AGSOLUTE VALAE OF THE SINE OF THE ANGLE NEASIRED
KON THE NEGATIVE 2-AX1S OF THE CYLIS ‘ '
DIRECTION OF PROPAGATION & e CYLIMOER TO THE

THE ARGUMENT OF THE INTEGRAND DEFINING THE ELLIPTIC

-~

p—

»ﬂw
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CODE LISTING
1 ¢
? - FURCTION FCT(X)
34
; l.:l!i THESE AKE INTEGRAND OF ATTENUATION COEFFICIENT INTEGRATION.
C
o COMMON/GEOMEL/A,B,ZC(2),SHC(2) ,CHC(2),CTC(2)
9 CorsON/PIS/PL,TPL ,DPR,APD
8 COMMON/GID/ZAS, 1D SAS ,SASP,CAS
y A2 & AWA
1o 82 = g=t
A SNA®ABS(SAS)
12 SN = SIh(X)
13 CS = COS(X)
I4 SN2 = SiK (2.#X)
% CS2 = COS(2.%%) :
le Q = (A2#B2#SNA)RR(|,/3.)
1% GIN = 3.#(A2-B2)/0
'8 F = SOHY (A2eS5KeSNeD2eCS#CS)
1y IF (IL 0. 3) GO TO3
21 ir (iD .EQ. «) GO TQ 4
22 IF (1D .EQ. 5) GO TO0 5
23 FUT = /F
2« KETURN
-3 FCT = QeCeSNAZ (FoafeF)
20 RETURRK
& < FCT o F
28 RETURN
2% & FeT & GINSCSQ/F
3¢ RETund
31 % ECT w JI59(A2«[2 )oGl KeSNZeSN2/F/F,
32 RETURN :
> ENp
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FFCT
PURPOSE

The purpose of this function is to determine the transition
function for the edge and corner diffraction coefficients.

METHOD

The transition function for the edge and corner dif¢-action coef-
i ficients is given by[4):

& rodind
. b

£ anf
*

® 2
FFCT(x) = 2§|[x| el J e 3% 4r,
Il
This can alsc be written as

FRCT(x) = § Joux] ™ [(0'5‘”'5)'6(] M)-jsczu;))]
. L

. stz
ze 17Y et - isla).

where

SYMBOL DICTIONARY

Crk REAL PANT OF FRESMEL INTEGRAL

(115 AGUNENT OF TRANSITION FUNCT ION
reet TRAKSITION PUNCTION

5 ANGURENT OF FRESNEL INTEGRAL

REL  SRTABSLHELN _

Sru INACINARY PART OF FRESNEL INTEGRAL

Pr——

finrasvay

COOE LISTING

I G-

ATy
¥

cyyy COMLEX RUNCTION ERCTIOEL)

2

3

& CHIY DETERAINES THE THARSITION RUNCTION RESUL FO!! ™E Eﬂ‘a‘ﬁ
2 é::: AED CORKER DJFFRIACTION COEFFICLENTS, '

K
8
v
1

[ 22 )

CORMON/PIS 708, TPL, DPR, 5PD

TFLABSIDRL ). G 19,9 GO TD ¢

SHELeSOUT(ABSIDEL )

SeSGRTI2./P1 1eSHEL

$1 cali r‘ﬂﬂ.&lﬁi.!ﬁ?,ﬁ)

13 Fg%l;?ﬂi’ m-#cr-canww. .a&#w‘ n

!5 ' W‘ll'.’l,
S TUw
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FKARG
PURPCSE

To compute a parameter needed in the diffraction coefficient for
the elliptic cylinder.

METHOD

This subreutine computes the parsmeter used in the diffraction
coefficient to determine the fields scattered from the elliptie cyl-
inder. This parameter is given by (6],

%
E=J "1/3 p;2/3 at,
Ul

where p_ is the radius of curvature of the ellipiic cylinder in the
plane of propagation. This can also be written as

£ = 11/2(a8)2/3|s1not /3 fvf dv
' Vi JAZsindvegcosdy .

whare
£ = SKWIG
a = ALR
vy = VIR
Vg = VFR.
FLOW DIAGRAM

FXARG(SKNIG,ALR, VIR, VFR)
IRRUT VARIABLE!

ALR m'lo ray path on cylinder makes with axis
VIR elliptical angle defining lower Vimit

of {ntegration
VRF  elliptical angls dafining upper limft

of intagration

OUTPUT VMIA!LE
SKWIG rasult of integration

1
{ Perform 1nt'cgratton4]
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SYMBOL DICTIONARY

ALR
ANS
FUNZ
SKn1G
VFR

VIR

ANGLE MEASURED FROK NEGATIVE Z-AXIS IN THE DIRECTION
OF PROPAGATION

THE EVALUATED INTEGRAL

INTEGRAND OF THE INTEGRAL

PARAMETER USED 70 DEFINE CURVED SURFACE AT THE POINT
OF DIFFRACTION

ELLIPTICAL ANGLE DEFINING THE DIFFRACTION ANGLE
POSITICN ON THE CYLINDER

ELLIPTICAL ANGLE DEFINING THE INCIDENT ANGLE POSITION
ON CYLINDER

CODE LISTING

C X OB LN —

¢ -~
. SUBHOUTINE FKARG(SKWIG,ALR,VIR,VFR)
il
(i) COMPUTEE THE PARAMETER NEEDED IN THE DIFFRACTION
Cfff CUEFFICIENT FOR THE ELLIPTIC CYLINDER
el

COMMON/P1S/PI,TP,DPR,RPD
COMMON/GEOMEL/A, B,2C(2), SNC(2) ,CNC(2),CTC(2)
EXTERNAL FUNI

IF (ABSCVIR-VFR) LT, 1 .E~5)GO TO |
SKNIG=(PI*ABS(SINCALR) 1) #%(1,./3,)
SKATG=SKIIG* ((A*B)**(2,/3,))

CALL DQCL2(VIR,VFR,FUNI, ANS)
SKWIG=SKI]GXANS

SKHIG=AES(SKKIG)

RETURN

Skl G=d,

RETURN ’
END
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FKY
PURPOSE

This function is used in computing the transition function fer
curved edge diffraction. .

METHOD

The transition function for the diffraction coefficient of an edgs
in a curved surface is the same as for a straight wedge, except that
the curved edge function takes into account the possibility of the dis-
tance parameter being negative. The transition function is given by {4 )

% 2
F(x) = 2§jfxjed* [ eI gr,
e

where % = kla,
and k = 2n/A
L = distance parameter

a = a function dependeni on the square of the cosine of the
incident and diffraction angles and the wedge angle number.

The transition function can then be written as,

F(kLa) = J;zﬂJ‘J._‘:.L)‘—il eJklLla [(0.5-50.5) - (C(ZJ@) -Js (ZJ@))] ’

for L>0

and
F(kLa) = F*(k|L]a) , for L<0

where the "*" means the complex conjugate and
n .2
a-Jxt
fe 7 dtscla) - §Sta).
0
The above equation relates to the function FKY as,

FKY(L/x,a) = F(kLa) .

e
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SYMBOL DICTIONARY

A PsgtggTER DERENDANT ON THE INCIDENT AND DIFFRACTED
A
C REAL PART OF FRESNEL INTEGRAL

FKY THANSITION FUNCTION

FL THE DISTANCE PARAMETER IN WAVELENGTHS
FLA ABSULUTE VALUE OF FL

S IMAGINARY PART OF FRESNEL INTEGRAL

Xs ARGUMENT OF FRESNEL INTEGRAL

CODE LISTING

FUNCTION FKY(FL,A)

caoCe o
-t -

TRANSITION FUNCTION FOR CURVED EDGE DI FFRACTION

COMPLEX FXY
COMMON/PIS/PL, TP (DPR,RPD
FLA®ABS(FL)

XS%2 .#SQRT(FLA%A)
ELYmCMPLX (&, 4 TPI )% SQRT(FLA®A)
FKYSECY*CEXP(CMPLX (@, , TPI*FLA®A))
CALL FRMELS(C,S, XS)

13 FKY=EKY*CMPLX( ¢5-C,5§=,5)

15 FKY=CONJG(FKY)

1o RETU il

17 END

WEEN G MOU AW —

203

oy

S et e TS AT iy St S ANTAT T, T T s SRR SN R T Sl e S




FRNELS

PURPOSE
To compute the Fresnel integral,
Xs -jn/2 ul
fx)= c{ e du = C(xg) = J S(xg) .

METHOD

The integral is evaluated using an approximation by J. Boersma [13].
The integral

£(x) ’J"e-jtdt
Y7o m

A}

is approximated as follows:

=-Jx 11
for O<xx<4 f(x) =e \/_ﬁ- XO (an+an) (%)

n=

n

n

S PO ra §
for x>4 f(x) = %—1 +e ji— }_'80 (cn+Jdn)(-§—)

n

(the constants a_, b , ¢ and d_ are provided by Boersma and are defined
in data statemen¥s iR th8 subrolitine).

Note that by performing a change of variable, the integral to be
solved becomes of the form of the integral which Boersma solved;

t=3 o,
By applying this change of variable, we get
X T 2
s -J=mu X =it
f(x)= ] e H du=f &= at
0 o Jout
where X = % xi.
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FLOW DIAGRAM

FRIELS (C,S,XS)
IS Lot Timtt of intageatt

~ r " n 88108
wTPUT%IAlLGS ¥

C raal part of solution

S imaginary part of the solution

Specify coastants o, b,, <,, d,
Evaluate integral using
appropriate approximation

SYMBOL DICTIONARY

CONSTANTS USED IN EVALUATING INTEGRAL

IRAGINARY COMPONENT OF SUMMATION FUNCTION
W REAL COMPONENT OF SUMMATION FUNCTION

nTOO D>
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CODE LISTING

WA~ S O RNH LN —

14

SUBROUTINE FRNELS(C, S,XS)

THIS IS THE FRESNEL INTEGRAL SUBROUTINE WHERE THE INTEGRAL
IS FROM U= TO XS, THE INTEGRAND 1S EXP(~J#P1/2.#UsU),
AND THE OUTPUT 1§’ C(XS)=JwS(XS),

LOGICAL LDEBUG,LTEST
COMHON/TEST/LDEBUG,LTEST
COKMON/PLIS/PL, TP1,DPR,RPD
DIMENSION A( l2) B( 12),CC(12) DC12)
Citl  SPECIEY COHSTANTS
. DATA A/1,59571691 40 ,~0. 000001702 ,~6 ,80685608854 ,~0, AN576361,6. 92869

50'390?' P02, =0.016898657 ,~3.M50485660,-0.075752419,0.850663781 ,~A. 82

cooce o
S puy Gun Sak P
- v -
S SR Sl Gur T

15 21,=0.15€230960,0.034404779/

io DATA B/-0.00¢308033,4.255387524,-0,.00'702818 ,~7. TRAA20463, =0, 6095

17 2222 .‘:.'%95.5.675 1612908 ,=0,138341947,~1,363729124,-0, 433340276, 9.70
2220

18 26,=9.216195929,0.0195472317

119 DATA CC/@A. = 024933975 ,0, 00A303936,0. 35773956, 3. MI689892, -3, 08
Y

2¢ lanzwnaa,o.axt948809.—0.096148973.c.amma.a.mzlnon.-a.a
¢

F3) 238,0.0002339397

22 DATA D/0.199471140,0,020040023 ,~0. M1$351 341, 8. 300623016, 3.0048514

23 ‘go.a.mnaazla.-o.on1229u.o.zzmm'r.-a.aznzsoss.a.m6497

1}

24 2.015598515 ,3.3008383858/

25 IF(XS.LE.0.8) GO TO 414

20 X=XS

2% X « PIeleX/2,.0

28 FimQ, 0

17 Fl=0.0

3¢ Ksi13

31 CIil 1S Xed?

32 [F(X=4.0) 10,409,420

33 W YnX/4.2

§; &z;‘l’u Evgulmm INTEGRAL USING X¢4 AFPROXIMATION

- WA~

3o FRn(FROA(K ) oY

39 Fi=(FleB(K))eY

38 IFtK=2) 33,30.28

v FReFROAC])

L1%] Flesflep( 1)

41 Co{FReCCS(X)o£E1eSIN(X) }*SORT(Y?

:g g-oﬁFRtsth)-FhCOS( X) IeSNRT(Y)

44 C1 11 EVALUATE INTEGRAL USING X»4 APPROXIMATION

A5 29 Ys4,0/% :

<8 5 Kok=1

AT FRe(EReCC(K ) JoY

48 FIstFLolK ) )oY

44 IF(K=2) 53,68,5%

% w FReFReCC(T)

»i FlsPleD( 1)

52 Lo, 5o (FReCOS(X) ¢F [oSINC X) e SORTLY)

55 5«0, ':w(FkﬂS!Ht X)=F1eC0S(X) 1e0RTLY)

54 GO TO

%5 44 Conis i@

-] Seeig, )

%7 1 1% CLUUT.LYEST) GO TO 2

© e e ———




ey

itd VS Y

1.}
17
ol
6!
02

WRITE (€,3)

FORMAT (/,“ TESTING FRNELS SUBROUTINE’)

KRITE (0,%) C,5,XS

RETURN
END

207




FUNI

PURPOSE

This function calculates the integrand of the integral in subroutine
FKARG.
METHOD

The integrand of this integral evaluated in subroutine FKARG is
given by

FUNI(WR) = 1 :

JA2s1n2(VR)+82cos2(WR)

SYMBOL DICTIONARY

A HADIUS OF CYLINDER ON X-AX1S
8 HADIUS OF CYLINDER OM Y-AXIS
Vit ELLIPTIC ANGLE ON CYLINDER IN RADIANS

CODE LISTING

rUNCTICN FUNTCVR)
LNTEGRAND CF [NTEGRAL NEEDED IN FKARG

CORMON/ZGEQHELZA, B, 2C(2), SC( 21 ,CNCT2 ), CTCL)

FUlil el ./SOKT(ARASSINIVR) #STH(VR) +BeB4COSIVR)ICOS{VR) )
N TURN

END

cre o
o=
- -
pongeniony

C LSOV Rt A —~
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GEOM
PURPOSE

This subroutine calculates a large »umber of cunctants that are
fixed for a given geometry of plates. They are sto~ed in common blocks
for use in other sections of the program. It is called once for every
source used. Because of the diversity of operations done in GEOM, it's
description is broken into seven parts:

1. ldentify edges which are common to more than one plate.

2. Compute unit vectors of edge~-fixed coordinate systems for each
edge on each plate.

3. Determine source image information for reflections from plates.

4, (alculate possible range for diffraction angle 8, for each edge.

5. Determine wedge angles for plates with common edges.

6. Determine plates which are totally shadowed from the source.

7. Perform calculations for plates which intersect.

& e A e M T TR A T T e S
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GEOM, SECTION 1
PURPOSE

Tn identify edges which are common to two plates. [ :
PERTINENT GEOMETRY

PLATE MP

——

'PLATE MQ
EDGE MF

Figure 62--1liustration of two plates with a common edge.

et oy,
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FLOW DIAGRAM

Set FWP {wedge angle mumber)
equal to 2 far al! edges

Step through plates
ivarizdie « M)

Step theough plates
{variadle » W)
M3M0 case skipoed

Step around edoes on plate W
veriagdie » M¢

Sten eraumd cﬁﬂ on plate %G
nridie o ¥

iy cormer NE
on slate W close to carner
W ea plate W22

o

Sormges W 423
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SUBRUUTINE GEOM

THIS WOUTINE COMPUTES ALL THE GEOMETRY ASSOCIATED
MITH FIXED PLATE STRUCTURE,SUCH AS EDGE UNIT VECTORS,
PLATE NORNALS, SHADOKED PLATES,ETC.

DIMENSICN IHIT(6),X11¢3),X1IN¢3),VI¢33,D5(3),.XC(3), X510 XSII(I)

DIKENSION XOB(J)JIXIQ).VTCPCZ) STCPM) VICN(2), BTCN“)
DIMENSIGH VAX(3,3)

LOGICAL LSURF,LNPL

LOGICAL LSHD,LSTD,1.5TS,LCTD, LHCT LHIT
LOGICAL LGHNO,LIMYLREBUG,LTEST
CORMON/TEST/ZLDERUG,LTEST
Coumei/PEIS/PL, TPI, ‘\PM aen
CURROZGEOR, A/x(u.. .3) VE14,8,3),VB(13,0,3),VN{14,3)
2, HEPLL23 4PX

Cﬁuucufi:m AGIYHRGL14,0)
COMMUN/SCHIFF/ X513 ,%X8(3, )
COMNORZEMAINEZXI (1€, 04,3 ¥X103,3,14)
COKRRIZBNOFCL/B14,6,2)
COWAON/SURFACZLSURFY 14)
COUNOR/ZLSRUTALSHIN [2) LI (14,14)
COURNQIZLSHIP/LSTS,LSTD{14)
COMMOUZERARC/AFNR(12,6)

COMMOL A TRLT/ZUOH

COMMUNASOLESF/FACT 0}

COERCUIEARPL I8 i JH AR
COMON/GHOUNDZLGIZN M9 X

LSTSm. FALSE.

SECTILE 1| 99000 M enit 40 i S Pt s RN e S0
DETERMEINATION O CQUMQOM EDCES

SET RiP=2 FOR ALL £20GES

DO 3 Rim)  HPXR

HESWHER(NP)

00 3 UBel BEX

FRSCUD FEIC,

SIEP THMROUGH PLATES (PLATE ¥P)

BQ 17 WPml mBY

HEXRAEPIND}

STED THROUGH RLATES (PLATE NC, MMERE 10 KE.MP)
80 1O Miwmi MPX

IFIXQ.ES.HP) GO T 16

WEXexEPCND)

KECeu

#FEQwgt

. STED ARLuLID E‘:)&.S M PLATE 9P

£0 12 NEe) tEX

STER AQEL "-,) EDGES ON SLATE *0

8O 5 NFwl NFX

i, .

tS CORNER K8 Q0 PLATE WP CLOSE 1O CURSER sf M 2LATE HQ?
B3 8 Nl 3

ruumtnm | R (8 ‘!g.h!hﬁ(m.&.ut-ftw.ﬂ&‘ﬁiQ
CONTINUE

w 1o W

CONT SALE

o0 7 Ne1,)

(F BIXE: AsY CLOZE, BT New joewy ":ivl.

SN, R exinR, 'Q.m

fetatl 5.0 S0 TV &

CHEECS 10 BEE IF TUO BEISHRORING {ORNERS OF TUD PLATES
CIRCINE

RECa3E

a2

S e e e (T
P—




18

114

&
C
<

- b
-

- om

12
1]
17

HECsMF

GO To 12

MESsME=} EC
IF(MES.ED. 1 .ORMES#1 LEO.HEX) GO TO 18
GO To 12

HENSMEC

IF(MES+|,EQ. MEX) UBN=mMEX

HFSSIABS (UF=FFC)
IFP(UESEQ. 1 JCR HFS* | LEQ.HFX) GO TO 19
GO TO 12

MEN=MFC

IFCHFS*) .EQ. MEX) MFNsHE
TECENPLHPBEN) O6T.8.) GO TO 9
NER=pENPCUP ME )~ .5

NPNsABSINFNIZ 1O

IFCUFNLENUMD) GD TO 12

CONTINUE

.

STORE WHICH EDGE |S cCOwtQn TO TME SCCE EEING TESTED
FOR LATER USE I}t DEFINING HECTE ANGLES

IF (FRP (MO, MFEN) (GT @0 ) FHP(HO  MEN Juel oo (1 03SHPMEN)
IF(EMPUUP  MEN) JCToe ) FRPCUP JUEY Y~ o 1 JDWNNeHFN)

CONTINUE
CONT4UE
CONTIHUE
IF (LUSEUG) PRITE €4,687)

067 FURMAT (/.7 DEBUGGING G204 SURROUTINE®)

-t
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GEOM SECTION 2
PURPOSE

This section computes the edge-fixed coordinate system unit
vectors for each edge.

PERTINENT GEOMETRY

CORNER ME
XHP, ME

VN T /~—keD6E ME

A
vP ~—pLATE MP

/ v

\CORNER ME +1

xnp,ua+|

Figure 63--Edge coordinate system unit vectors.

"

edge unit vector = X V(MP,ME,1) + ¥ V(MP,ME,2) + Z V(MP,ME,3)
plate unit normal = X VN(MP,1) + § VN(MP,2) + Z VN(MP,3)

QPMP g = edge unit binormal = X VP(MP,ME,1) + ¥ VP(MP,ME,2)
+ 2 VP(MP,ME,3)

Vip . ME
Vyp

-3 Typ e = corner location = % X(HP,ME,1) + J X(MP,ME,2) + % K(WP,ME,3)
e s H -

*%, METHOD
The edge unit vectors are found by,

_ Ywo,me+1 Y e

Fwp,Me+1 = Xvp e

.~;‘ The normals are found using
] MEX 5
oy e X Ve e
hyp = “WEX A ’
15y Yo % Vi

p, ME

214




PR

which is an average over the normals computeu by all the edges of
the plate. This avoids a possible incorrect normal due to a convex
edge geometry. The binormals are found by,

A A
P, Mg = Vup X Vup e

| ]

!

[ XTI

9

4

iy
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FLOW DIAGRAM

Step through plates

(variable = Mp)

|

Step through edges

Am——— ,—-—.\A !-—’-v'*

{variable = MF)

|

Calculate edge unit vector V and edge length YMAG

i

3
VMAG = \/21 (X(MP,MESL,N) - X(MP,ME,N))?

ns

Pt

V (MPME,N) = (X(MP,ME+1,N) - X(MP,ME,N))/VMAG

e

~

Calculate plate unit normal VN.
Take cross product of edge
unft vectors and normalize

———

e

Check to see if plates are flat,
Take dot product between plate norma!l
and edge vector for each edge (except
1 and 2). If product {s greater than

\ 10'5. abort

|

Step through edges

(variable = ME)

I

PR

I
Calcutate edge binormal VP (rormal to edge,
paraliel to plate)
Take cross product of plate normal
and edge unit vector

J

To section 3
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et
94 Citt
¥5 ¢11t
o CYii
97
vy
vy CLiY
106
181
192
183
104 C1 4t
145
186
07 1w
146
1@
1t@ 14
hit 15
1n2
113
. 14
: d15 982
. 1o ¢vi
1y ey
1i8
H Ny
3 12¢
. 121
122
125
124
125
126
127 22
: 128
: 12y
: 139 20
151
132
133 21

heatd Fomiaind | SN

Bt

IR

13y

144

141

142 12}
143
144

145 120
146 CI1}
147 CI1t
148 ¢!
14y

15¢

ial

182 3¢
i53

154

155 %4
i 194 v93
: ’ 197 1w

‘CODE LISTING
v3

SECTICN 2 dwseorseskaded sk ok sk ek s veok S ekt ook o
“DETERKINAION OF V,VNLAND VP UMIT VECTORS FOR EDGE-FIXED

COORDINATE SYSTEM

STEP THHU PLATES

DO 10 MP=) MPXR

MEX=MER (MP )

STEP THKU EDCES

D0 15 ME=! ,KEX

¥ME=ME+1

IFCHME JGT. HEX) MMEm]

Vii=g

gﬂL?UL:T? EDGE UNIT VECTOR YV AND EDCE LENGTH VMAG
G (9 Nst,

V(MP,ME,N)NX(MP;MME.N)*X(HP,ME,N)
VM*VM*V(MP.ME.N)*VlMP.ME.N}

VMAG( M, ME )=SOHT (V)

DO 11 N=1,3

V(MP'HE'N)NV(MP.ME.N)!VHAG(MP,VE)

CONTINUE

IFC( NOT.LDEBUGIGO TO 991

DO 992 ME=1,VEX

WRITE(é,*)(V(MP,ME.”),Nﬁi.E)

CONTINUE

CONTINUE

CAI.CULATC PLATE UMIT NORMAL VN

VNCMP, 2) =i,

VN(MP, 3)=@,

DO 22 MEst ,MEX

HV=ME+ |

[F(MV.CT.HEXY My=)
VN(MP,!)=VN(MP.!)*¥(HP.ME,2)*V(MP,MV.3)-V(MP.MV.Q)*V(MP.ME.3)
VN(MP,Z)!VN(HP.Z)*V(HP,ME,S)*V(MP,MV,I)-V(MP,MV.B)*V(MP.HE,I)
VN(MP,3)-VN(MP.3)*V(M?,HE,l)*V(HP,MV.Z)-V(MP,MV.l)*V(MP.WE.Z)
CONTINUE -

VNN=g,

0Q 21 N=j,3

VNHRVNM¢VN(MP.N)*VN(MP.N)

ViiMaSQRT (VNN )

DO 21 Nxi,3

VN(MP,N)8VN(MP,N)/VNM

I¥ (LUSEUG) WRITE (6,%) (VHCHR N) M= 1, 3)

INSURE THAT ALL PLATES ARE FLAT. OTHERMISE ARORT!

TAKE DCT PRODUCT GF PLATE NORMAL AND EACH EDGE UNIT VECTOR
DO 124 ME=3, MEX
UOT'VN(MP,!)*V(MP,“E.!)+VN(“P,2)*V(MP.ME.2)*VN(HP,3)*V(MP,“E,3)
IFCABS(LOT) LY | LE~3)GO TO 12¢%

MEEBME+]

WRITE(6, 121)KP MEE

EORMAT(* BLATE # 4,122 IS NOT FLAT! CORNER # #,12,# HAS *,
A/PROBLEM. PHOGRAY ABORTS! wiswaws)

STOP :

CONTINUE

CALCULATE UMIT BINORMAL VP WMICH IS IN PLATE PLANE

AND PERPENDICULAR T0 PLATE EDGE

TAKE CROSS PRODUCT OF PLATE NORMAL AND EDGE VECTOR

0O 38 ME=! MEX
VPiMP,ME.l)'VH(MP‘2)*V(HP.ME.3)—VN(MP.3)*V("P.ME,2)
VP(MP‘ME.Z)IVN(HP.3’*V(“P,ME.l)-VN(MP.l)*V‘MP.NE.SJ
VP(KP,%E,3)‘VN(§PQ5)*V(MP.ME.Z)-VN(HP.?)*V(MP.ME,I)
IFC.NOTLOEBUGIGO TO 993

DO vyvd WEw] MEX

HHITE(O,*)(VP(MP.ME.N)¢NII,3)

CONT IMUE

CONT INUE
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GEOM SECTION 3

PURPOSE

To calculate source image information for reflection from plates.

PERTINENT GEOMETRY

SOURCE
LOCATION

XS

\

— PLATE MPP

\
\
\
\
\
\
\
\
N\
\
/7 \
/ PLATE MP \
/ \
/ \

/ \
/ \
L »
SINGLE REFLECTION /

IMAGE LOCATION

DOUBLE REFLECTION
IMAGE LOCATION

XIup, wpp

ﬁw. e

rigure 64--Geometry of image locations for a doubly-reflected ray.
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FLOW DIAGRAM

10

Detarsination of single reflection source image locations and the

coastant, FACTOR

Step through plates
{variable = W)

Calculate single reflection
image location

Is
antenna mounted close
$o plate plane?

Is
antenna
mounted on
plate surface?

Yes

LSURF (MP) aFALSE
FACTOR=1.0

Electric source:
if dipdTe 1s normal to plate,
set LSURF(MP)eTRUE, FACTOR=1.0
otherwise, set LSURF(MP)=FALSE, FACTOR®0.5

Magnetic source:
if dipole (aperture] is in plate plane,
set LSURF({MP)=TRUE and FACT(R=2.0
otherwise set LSURF(MP)eFALSE,FACTOR1.0
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2. Calculate doubie reflection source ‘mage locations
Step tnrou?n plates
{variable=MpP)
Step througr plates {
{variablesmPp)
Skip WPPP case t
Calculate doubie {ﬁflection image
location, W HPP (
f }
3. Determination of single reflection image dipole directions (image
of the source coordinate system axes ynit vectors). }
Step through plates
{variable = W)
| i
r
Caleulate source image
coordinate system
unit vectors i
, {
To section 4
{
i
3
.
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103 C
164
165 Ci1t
166
167
168 Ct 1!
loy
170 Ct 41
171
172 Ci 4t
173 Ct1t
174
175 506
176
177
178
199
18¢ %03
181
182

184 564
185

189 So7
iv2 ci1t
Ivo %02
vy Ct it

vy 561
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s C1Y
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SECTION & Aottt ANt AR AR AN A AR
DETERMINATION OF SOURCE IMAGE “IFORHATION FOR SINGLE
AND DOULLE REFLECTION FROM PLATE

1. DETERRINATION OF SINGLE REFLECTION SOURCE IMAGE LOCATIONS
AslllngTHE CONSTANT, FACTOR, FOR SOURCES MOUNTED ON THE PLATE
FACTOR=1,

STEP THHU PLATES

DO 53 Ups1 MPXR

LSURF (4P )= FALSE,

CALCULATE SIMGLE REFLECTION IMAGE LOCATION

CALL TMAGE(X]I,XS,AN,MP)

IS ANTEMNA MOUNTED ON PLATE PLANE?

IFC(ABS(AYM) .GT.1.E=5)G0 TO 360

MOVE SOURCE LOCATION SLIGHTLY OFF PLATE IN DIRECTION
OF PLATE NORMAL

DO 566 N=i,3 !
XSI(N)uXS{N) I ,E<S*VN(UP M) .
CALL MAGE(XSII, XSI . AN,%P)

DSM=¢',

DO 503 N=i,3

DS(N)IsXSI(N)=XSII ()

DSUsDSHeDS(NIDS (1)

DSH=SQRAT (DSH)

DO 564 Nwi} 3

XINCH)=ASTI(M)

DS{N)=DS(N)I/DSU

CALL PLAINT(XIN,DS ,DHIT,=4P,LHIT)

1F ¢, NOT.LHITIGO TO 568

DO 507 N=,3

XS (1 )=XSI(H)

X11C)mASITI D)

ENORUsVI(HP, 13 4VXS(3,1 )0VN(UMP,2)#VYS (3,2 FeVN(NP, 1) #VXS13,3)
IFCIMJMELQ)GO TO 561

1S MONOPOLE MNORMAL TO PLATE?

IFC1 .~ABS(ENORM) ,GT. 1.E=2)GO TO S62

LSURF(HP)= ,TRUE.

GO TO Se¢

FACTOh=0 .5

GO T 568

1S SLOT IN PLATE PLANE?

JFCASSC(ENORM),.GT.1.E=3)G0 TO 568

LSURE (4P }m , TRUE,

FACTOR=2.

DO 54 Net,3

X1¢NP, NP N Y=X] T CN)

2+ CALCULATE DOUBLE REFLECTION SQURCE IMAGE LCCATIONS
DO 55 iPml MPXR

DO 5% uPPs | EPXR

1F (MNP, EO.KPP) GO TO 55

DO 51 liei,3

XINCYmA L CHP WP, N

CALL IIAGE“" HN.A.'».NPP)

00 52 W=l

XI(IP,IPP.?"-XN"H

CONT INU

¢ (LDEBUG) WMRITE (O6,9) CCIXICUP KPP NI, Nul, 3).39&-!.!919).
2WPw  KPAR)

J. ggﬁkﬂlﬁlﬂw OF SINGLS REFLECTION IMAGE DIPOLE

M 57 UPel MPXR

CALL tmmv,u.vxs.am

00 57 NJjel,)d

D0 57 Klel 3

VRICN] 0, uP)-VA!('ﬂ o
lF(.ll)ToU‘FBIB)GO T0 55!

00 552 WPel, WPXR

D0 552 Hled, 3

WRITE(G, @) lP.td (VXICNL JUJ 0P} lide) J)
CONY INUE

a2
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GEOM SECTION 4
PURPOSE

To determine permissible range for angle g8, for diffraction
of source ray off of plate edge.

PERTINENT GEOMETRY

CORNER ME
Xue

A
\J
&-— EDGE ME

/coauea ME+1, Xypo

\

SOURCE LOCATION XS PLATE MP

£,

Figure 65--Geometry for determining 'diffraction angle range.
NETHOD |

The law of diffraction dictates that diffraction from a plate
edge is possible when

€058y < COSB < CO%By,
where 8, s the angle that the tncident and diffucted rays make
with th3 ge (see Figure 65). and 8, are diffraction angle
limits and are defined in terms o* their c.osines as:

BD(NP,NE,1) » cos3y = ﬁi' |

BO(NP,ME,2) = cos8, = VIV,
where '
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The vectors mentioned above relate to the code as follows:
Typ = x X(MP,ME,1) + y X(NP,ME,2) + 2 X(NP,ME,3)

X5 = x XS(1) + y XS(2) + 2 XS(3)

V = x V{MP,ME,1) + y V(NP,ME,2) + Z V(MP,ME,3).
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FLOW DIAGRAM

L throu 18t 4
a?:crilblr "’ID.)“ } )

Loop through corners
{varisble » )

-

—

Calculate vaft vector ¥1 of ray from source '
to corner ME of plate W {

Loop through Both edges of plate WP meeting at
corner ME (variadle = J)

L

talculate diffraction ngle Maiq,
Take dot product of inct vector V' and
edge vector

.

[

’ .
To tactioa $ _ }
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CODE LISTING

28 ct !t
a2y o
239 Ci it
231
232
233 ¢t

230 CI

23V 49
241 Cl Ut

SECT{M 4 s AN Y SV AR AN TR AN SR Y
DETERMINATIOH OF PERMISSABLE RMNGE FOR DIFFRACTION ARGLE
LOOP THRU PLATES

DO 42 MP=}  NPXR

NEXeHEPHP}

LOOP THHU CORNERS

DO 41 MEwi MEX

VIHIG.

CALCULATE VECTOR VI FROM SOURCE TO CORNER 4E OF PLATE P
DO 42 Nsi,3

VI(N)wX(MP HE,N) =XS(N)

VIMaVI4eV] (H)SV] (N3

VIReSORT(VIN)

LOGP THRU BOTH EDGES MEETING AT CORMER ME

DO 41 Je1,2

NJsliEe =)

IF(4J,EQ.Q) MJ=MEX

BDUMP MJ .J )=2,

CALCULATE BD, TME DOT PRODUCT -GF IECIDENT RAY
VECTOH VI AND EDGE VECTOR V

DO 41 Ne1,3 :

BDINP M), J 18BDCHP, K, JISVIRP I K)eV I (I VY
CONT INUE

£ (.NOT.LDEBUGIGO TO 995

DO ¥¥6 NP=1 MPX

MEXWMEP( kD)

DO 96 MEw!, KEX

WRITELO,#) (BDLHP ME,J) JJul ,2)

CONT INUE
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GEOM SECTION 5
PURPOSE

To calculate wedge angles for plates with common edges.
PERTINENT GEOMETRY

W~ PLATE MP

» PLATE MQ

-3
Figure ss»-eemetr_y used to detersine wedge mgles
_ of plates with camon edges.
NETHOD

The wedge angle is spacified using the wedge angle tumber Fi, such
that the wedge angle 1s given hy

{2 - Fit)n

as shown in Figure ¢s. The wedge angle aumber is determined as follows:

o ().

-

s crar e e — 1 3% Ay L e b
C e .

P e
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» adnr vy
o .




where
TOP = Wm VP",
80T = -VN", . Vl’vlm
W‘FP = x VN(MP,1) + y VN(MP,2) + 2 YN(MP,2)
VPn, = % VP(MP,ME,1) + y VP(MP,ME,2) + 2 VP(MP M, 3)
vam 3 x=VN(m,1) + yaVN(HQ,Z) +32 VN(MQ,3).

227




FLOW DIAGRAM '

Step through plates
(variable = wp)

Step through edges
(variable = M) el

Is
edge part of
wedge?

Yes

Take dot products of plate unit
vectors and evaluate FN (wedge angle number)

To section 6

e




g

l CODE LISTING
257 Ci1t SECTION S *%m****i********************
256 C11! DETERMINATION OF WEDGE ANGLES FOR PLATES WITH CouqoOM EDGES
; 259 Ct1!  STEP THROUGH PLATES
: 204 DO 35 Mp=1,MPX
' 261 MEX=MEP(MP)
262 C!!! STEP THKOUGH EDGES
263 DO 35 ME=],MEX
l 264 Ci!t 1S EDGE ME PART OF A WEDGE?
265 IF(FNP(MP,ME),GT.~5.) GO TO 35
266 NEN=FNP(MP ,ME)} =, 5
v 207 NFN=IABS(NFN)
J\ 268 MQ=NEN/ | oo
3 209 MF=NEN=kQ* | 30
27¢ IF(FNP(2Q, MF).GT.@.) GO TO 35
- 271 Citt TAKE DOT PRODUCTS OF PLATE UNIT VECTORS AND EVALUATE
: 272 C!1!  FN (WEDGE ANGLE MUMBER) .
: 273 BOT=~(VN(MP,I)*VN(MO,I)+VN(MP.2)*VN(MO.2)+VN(MP,3)*VN(MO,3))
hid 274 TOPcVP(MP.ME.l)*VN(no,1)+VP(MP.ME.2)*VN(M0,2)+
275 2VPMP,ME, 3)%V} (40, 3) )
5 276 . FANG=BTAN2(TCP,BOT)
i 277 ANN=g,
i 278 ANP=(3,
217y DO 34 N=1,3
280 XSX=XS(N)=X{MP,ME,N)
i 281 ANN=ANN+XS X*VN (1P, N)
; 282 34 ANP=ANP+XSX*VO (MP ME M)
: 283 PHWAR=BTAN2 ( ANM, AND)
284 [F(PHVAKLLT.@.) PHEAR®TPI+PHEAR
285 FN=F ANG/P]
2806 [F (PHiAK, GT.FN*PI) Fli=2,=ARS (FANG) /P1
287 FNP(MP ME) sEN
288 35 CONTINUE
28y IF (. NOT.LDERUG)GO TO 997
29 DO 998 Mp=1,MpPX
291 MEX=MEP(MP)
292 DO 998 ME=|, MEX

293 498 WRITEC6, %) ENP(4P ME)
294 %97  CONTINUE
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GEOM SECTION 6 : i{;
PURPQSE

To determine plates which are totally shadowed from the source. .
PERTINENT GEOMETRY | i

i TN

“—PLATE MP

SOURCE > PLATE ML
— Y

Figure 67a--Configuration where plate ML totally
shadows plate MP from source,

230
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sou/rece

Figure 67b-~Configuration where plate MP is not
totally shadowed from the source

METHOD

If plate ML totally shadows plate MP from the source, then every
ray drawn from the source to a corner of plate MP will intersect
plate ML. The routine computes vectors from the source to each
corner of plate MP and uses a shadow testing algorithm to check
if any plate shadows all of the rays (see Figures 67a and 67b).

If so, it is assumed that plate MP is totally shadowed from the
source.

f St Y
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COREE
FH

cas OEE G =4
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FLOW DIAGRAM

Set flag LSTSSTRUE to
indicate the proper
test in PLAINT

1

Set LSHOSFALSE
for all plates

Step through plates
(variablgslg)

[ set LSTOSTRUE for a11 plates |

—— Step through corners

(variable = Me)

Calculate 5?, unit vector of ray traveling

from source to corner ME of plate NP

Is ray shadowed
by a plate or a
¢ylinder?

Yes

Does any
one plate or cylinder
completely shadow
plate Mp?

Yes

| LsHo(we) < TRue )i

Reset flag
LSTSaFALSE

To section 7
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PIECTER )

—

{
t
'
1

2¥5
296
297
2y8
299
Y
301
2
33
304
3¢5
306
307
3us
3oy
3¢
311
312
313
314
KR
316
31%
318
31y
320
321
322
323
324
325
320
327
328
J2y
KXT)
31
352
333
34
335
336
337
338
oy
J40

el
cit
ciit

72
e

ctit
crt
73

cty

Criy
ciel

)
cit

7o

X
cLt
ctu

Kis

SECTION 6 ¥ nwuatd At ddardh At db b ink W
DETERMINATION OF PLATES THAT ARE TOTALLY
SHADOWED FROM THE SOURCE

LSTS=,TRUE,

DO 72 MpPs! MPXR

LSHO(MP )=, FALSE.,

STEP THhU PLATES

DO 7y MpP=i (MPX

MEX=MEP(MP)

SET LSTDsTRUE FOR ALL PLATES

SET LCTD=TRUE FOR THE CYLINDER

DO 73 ML=t JMPX

LSTD(ML )=, TRUE.

LCTD=, TRUE.

STEP THKU CORNERS

DO 77 ME=]  MEX

DSH'G.

CALCULATE DS, UMIT VECTOR OF RAY TRAVELING FROM SOURCE TO
CORNER ME OF PLATE MP

DO 74 N=1,3

DS{N)=X(MP HE N) =Y S(N)
DSH=DSH+DS (N )=DS (M)

DSM=SQRT(DSM)

DO 75 }i=1,3

DS(N)=DS(N)/DSM

IS RAY SHADOWED BY PLATE OR CYLINDER?
CALL PLAINT(XS,DS,DHIT ,MP,LHIT)
IE(LHIT<AND. DHIT.GT+DSMILHIT=. FALSE.
1F(.NOT.LCTD) GO TO 76

PHCR=BTAN2(DS(2) ,DSC1))

CALL CYLINT(XS,DS,PHCR,DHI [ LHCT,.FALSE,)
IF(.NOT.LHCT) LCTD=.FALSE.
IF(LHCTLAND.DHIT .GT.DSH) LCTN= FALSE,
CONTINUE

1F( NOT.LHIT.AND..,HOT.LCTN) GO TO 79
CONTINUE

CHECK TO SEE [F ANY ONE PLATE ML COMPLETELY SHADONS PLATE MpP
STEP THRU PLATES

DO 78 ML=l MPX

IFEC.NOT.LSTD(NMLY) GO TO 78
LSHD(MP )=, TRUE .

CONT [NUE

IF(LCTD) LSHD(MP)=,TRUE.

CONTINUE

IF (LDEBUG) KRITE (6,%) (LSHD(KP),MP=1, MPXR)
1L.STS=,.FALSE.
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GEOM SECTION 7
PURPOSE

This section handles various calculations for plates which inter-
sect each other.

PERTINENT GEOMETRY

A
A — Cp
o——PLATE MP (
r ----- -
’
- S ——PLATE MPH l
S |

~-
K\

PORTION PROTRUDING
THROUGH PLATE MFN
IS DELETED {

o>

Figure 68--I11ustration of a plate wiich intersects another.
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FLOW DIAGRAM
-
i
-
%”
E» 1. Oetermine plates that intersect
; Step through plates
{ (varisdle » Wp)

Set IHIT=-ME for each edge ME
on plate Wp

v g

: Step through edges
‘&mmge-.!t)g

Does
unit vector ntersect
aplate?

Chop off tection of
. plate M which slightly

Dasies through plate MPN,
. [ tnr ety o

- ]
t
-
235
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2. Determine new wedge angle number for intersecting plates

Step through 3

{variadble =~ M

Take dot product of
unit vectors and

%o evaluste FN (wedge
ingle numbar)
f—————]

3. Find plates with common edges which cannot 1)luminate 5&& other
because wedge angle Detueen pliates is greater than 180°.

Set LINO=FALSE for
al! plate comdinations

Step through plates
(variadle = W)

Step througa plates
{varisdle » WPP)

Step throush ocg)ﬂ
[varisdle »

Can plates W
9P nqt ilumingte
esch gtngr?

(11}

LINO[IP, WP} TR
ungd.n TR
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4, Determine which plates cannot illuminate each other based on illaga)
image locations.

Step through plates
{variable = W)

Step through plates
varfadle = MPP

plates MP ang WP not
illuminate each other?

No LIHO{MP MPP)=TRUE
1

Retura
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CODE LISTING 1

J4) Cl1! SECTION 7 Sinatmetttt et ottt ot e atatvn

342 CI1t 1, DETEKMINE PLATES THAT INTERSECT
345 CI11  STEP THAU PLITES

o

Jaa DO 85 MPst  uPX
245 HEX=sMEP(MP )
340 C1t!  SET [HIT==ME #DR EACH EDGE ON PLATE WP
347 DO 88Y WEw1,HEX b
348 t8Y  JHITIME)==ME t .
J4v CiY!  STEP THHU EDGES ;
Ki-13) 00 82 MEs| JMEX
kLY DO By Nw=i,3 |
352 XINCII X (4P, ME N ;
353 &1 DS(N)I=V(MP ME M) ¢
354 C1!! DOES EDCE INTERSECT AMOTHER PLATE?
355 CALL PLAINT(XIN,DS,DHIT,HP LMIT)
356 IF(.NOTLLHITYG0 TO R
359 IF(DHIT.GT.VHAGC P HE)IGO TO 80
35 HCuiEe)
35y IF(MC.G] LHEXIUCH I
304 €181 CHOP OFF SECTOR OF PLATE 4P VMICH PAZSES THRU PLATE upn
30! IF(DHITLT«9.1)G0O TG 8l
do2 DO 82 N=1,3
365 b2 Xcup -!C.N)-me.us..‘l)O(DHIT-Z.E-S)'V(."?..'%E.H)
364 VHAG(HP JME) =D T~2 .E~5
3¢5 THITNC ) =MPH
ggg égul._nssuomxrs'o.-n:p."c o (XCIPJHC N, Bmt, 3)
1
308 83 VMAG(MP, VE )=VUAG( 4P, BE)~DHIT
oy DO B4 tim1,3 !
30 ba X(uP.ME.N)-X(Hp.KC.R)c\mmmb, FEYSV (IO BE N i
391 THIT(HE ) =uPH :

172 !FtLU&BUG)“RITf’é.')I@P HE, CA4P UE ) Ve, D)
373 w CONT JNUE

374 CHt 2, DETERPINE NEW KEDGE AMCLE NUMBER FOR IMTESSECTING PLATES o
335 ¢! STEP THRU EDGES !
e 00 Bo NE=| JME) :
377 HCuitFe)
378 L1ECHC,GT HEX )tCm ! ;
379 ity DO PLATES INTEHSECT? . :
38¢ IFCIHITURS ) JRE. LHITURS)IGD TO 86 :
h1:Y RNw]HTUE)
92 Ci! TAKE QOT PHORUCTS OF BLATE UNIT VECTOCI!S AND EVALURIE #M )
383 XRuVNCMk | YOUPCUD, NE, 1 JoVRINR, 2DV RIID (ME 2 YoUNIHR 3} {
334 mmap.ss N !
k1Y YYuvNCMit, 1 JOVHIND, 1) oUNCIB 2 )5VHEUP Q) SVHIRR I IoWH (%P, J)
8o Flw=lii
337 - IFEXE.LE.8.000 TO 89 T
Jea Flind SeBTAN2 (YY, XX)/P i
ity FUTTTR i.
g 0o 87 h-l 3 ,
39! BY Al%w AN vmnp.m-tnscm-m# ME.N))
w2 l_t-wfx.m’ 0.:50 10 €8 : "
3¥3 Ehnj,~-FN
Ive G0 YO 88
3ve By WRITECS, (a1 140 R
Jvo a3t EGRNAJUY wmmes PLATES 2,215,* INTERGECT v&T CGEQAETRY ¢ -
i &,% INDICATES PTTACHED SLATE 1S SHADOMEM 114 //) g
Ivs &R FNSLHP DY R . -
vy to @ﬁﬂi!!ﬂ.‘ﬁ
TS ooy vt
2 §FCRUT L LBESUWIICO T BBY
&2 80 &r8 RPel MPX . )
&% SEXeRERPLEDY .
a4 80 8%t MBet 1Y .
WY by mlrus.nmww ag})
0 I CONTIRUT
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SRy
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& Atnican §

Boormiinia

-

407
4o
49
419
431
412
413
414
415
410
417
418
41y
29
a2
422
425
424
425
4206
427
429
a2y

437
434
459
449

442
443

455
420
4e;
444
“we
25
a5k
€52
453
asa
4a5d
456
LY
1112
ALy
269
da1

¢

o o o
- v

L4
cit

cLee

eyl

pe ™
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23

%22

- 0D
o AT

s2e
»21

gicgsgﬁzz&ﬂi PLATES WITH COMMON EDUES WHICH CANNOT I[LLUMINATE
SET LIHD=PALSE FORl ALL PLATE CGHBINATIONS
DO 94 HP=t JMOXR

DU vO MpPPs=i KPXR

LIHD(MP ,HPP) e, FALSE.

STEP THRU PLATES

DO V1 iPe) JHPX

STEP TMHU PLATES

DO V1 KFPs],2PX

MEXSMEP(MPP)

STEP THRU ELXGES

DO Y2 UEs) JMEX

CAll SLATES 4P AND PP MOT ILLUKBINATE EACH OTHER?
{F SO, IBENTIFY

IFNs=FNP(YMPP,NE) /108,

IFCLSHLREL NP IGO TO 92
HEHS<FNP(UPP JHE) ~[ FI2l (X144).5
IF(FRPCOIFN,REH) LY. 1. 0G0 TO 92
LIMDCHP PP ) = TRUE.

LIHDIMPD (4P Yes. TRUE .

COHT IARE

CONT IHUE

4, DETERMINE PLATES WMICH CANIOT L LLUMIMATE EACH OTHER 2ASED
ON TLLECAL [MAGE LOCATIONS.

STEP THAU PLATES

00 921 kPw! upX

MEXmYZD (P}

SUNT=} E3Q

DO vd2 ute) HEX

SUkms,

DO w23 Mwi 3

SLiltm SULte X (1P HE NI =XS (2 1) ee2

LELSUNLCT. SuMTIG0 TO v22

SYMIT=SYK

REEwLE

CONT INYE

B0 ¥24 pP2el P

Alipwiy,

. Aulwg,

80 w295 kel

APu P [X{RP, UEE NI=X (PP, ) MIYVRIRPR )
ANTRAN #LX 1T 0D NPR MI=LLHER, 1 K1 YOV PP M)
CA¥ BLATES ¢ AUD Mo HOT JLLEHIUATE EACH OTHER?
e (ANDoAN] (LT ¢4 IC0 10 v2¢
LiKZCxP,RD?)hTiﬂI&*

CUNT IHLE

CONTIRLE

TR LU0 LOEEUSICO O 92

G wa wpel PPXN

OG 94 APPe ! NPXK

RALIE(G, IPP AR LIHLOR 1P9)

CoNTINGE

€ETUuS

&)

et N it




SYMBOL DICTIONARY

AN
Al

ALl
ALP

8y
bul

UHl1
oul

us

[
ENUbGt

FACTUR

r NG
EN
FRP¥

Irh
11,10

J
Lk

LLib
LEEY
Liny

LNiu
Laib
18714

[
AL
Ry
ik
£33
REN
uts
Red
ey
R
L8]
-1 31
R 3
f 18
[N
uy

UUT PrODUCT OF PLATE UNIT NORMAL AND VECTOR FROM
SUUHCE TO THE PLATE (CALCULATED IN TMAGE)
DUT PHODIKCT OF VECTUN FHOM CORNER 1| OF PLATE HPP
TU iHe DOWEGLE WEFLECTION IMAGE LOCATION XI(WP,HPP)
ARU THE UNIT MONYAL CF PLATE upP
DUT PHODUCT CF XSX ARND URIT NHCRMAL OF PLATE NP
£UT PHODUCT OF VECTOR FROM CORNER | OF PLATE MNPP
10 CONNER MEE OF PLATE MP AND UNIT NORUAL OF

ATE MPP
ALSU DOT PHLDUCT UF XSX AND BINORMAL OF ENGE ME
Or PLATE P

) ul.’k‘hs CF ANGLES DEFINING RQUNDS ON DIFFRACTION
A
1=GATIVE DO PRCDUCT OF UNIT NONMALS OF PLATES
MP AlIL HO
DISI1ANCE FRUP SODURCE TO NEAREST MIT (FHOM PLAINT)
CUT PHOBUCT OF PLATE UNIT MORMAL AND EDGCE UNIT
HURA AL
Ulli VECIOR OF RAY FRO% SOURCE TO CORMER ME OF
PLATE BP (SECTION &)
ALSL UNIT VECTOR OF RAY FHOM [HAGCE TC SOURCE
(SECTION )
ALSU UNIT VECTOR 0F EDGE NE (SECTION )
NUHAALIZATIUN COHSTANT FCR 1S
COT PRODIKT QF VM CTHE UNIT NOMAL OF DLATE ¥p) aND
THE 2 ALIS u THE SOURCE COQRDIMNATE SY
BAGLITUDE ALJUSIEEMT EOR SOUICES uOUH‘tED ON THE
SURFACE OF PLATES
WEDGE ANGLE
EEDUE AMOLE JNUMDER
RELULE ANGLE MNUMEEWR (ALSD USED 1N DEFINING COXMGH
EUGES)
IDEX VARIALLE
do‘z.gé PLATE NIB'EERS FOR PLATES INTENSECTED BY
AN LOGT
0O LOUP VARJBLE
Sel THUE IF KaY KHITS CYLINDER m&‘mm.&r» Fe O
CYLINT?
SET TWUE ¥ CYLINDER SHADOAS PLATE FRON SUKCE
27 kU IF RAY INTTHSECTS A RLATE (FRCH PLAINT)
SET TRUE IF PLATES 2 AND PP CAKMOT LLLUHINATE
EACH CTHEM )
SEE TNUE BF PLAGE U2 [S TOTALLY SHADGHED FRQM
THE SQUNCE )
ey TREE I FLATE AL TOTALLY SHANOKY RLATE WP
Pk THE SUL#ECE
SET TRGE If TOTAL SHAMING aLCQQLIHE 15 ZE{M0
UYel
ik vawfAlig
U Lauy vadlAULE, ALSC INOEX. VARIABLE
NGEAENG VAR ABLE
Paflek VAsfALLE
LRkch VAKIAELE
&IRE LG VAR ARLE
CORUT AT IONL vaRpaBLE

CRUHLER OF EDCRS ON A GIVEN BLaATE

30 LCIP VAR{ADLE, ALY [HOEX vARIAPLE
Bga (NG VARY AULE
WS IRG VAN AGLE
CuReUTAT I0saL Vakbalie
weiw OF ELOES OF SLATE KO
£ LeoP vamiaBLE
IR X VAL ARt
O LEUY CARSARLR TYXTER TR OLTES?
ALSU PLATL S5UEF vaRiamE
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L ¥

Du LCGUP vAdl, BLE (ALSU PLATR IFDEX VAHIARLE)

Du LLUP VARJADLE (STEP THRU PLATES),

ALSG TNDEX VAIRTABLE

1NDEX VAKIABLE

1HDEX VAKIALLE

DU LOUP VARIARLE

WOHA ING vARIADLE

LO LOOP VARIABLE

DU LGOP VAT ABLE

Pl COMPDNENT OF VECTUR FROM SOURCE TO PLATE
Culhkn [N HUS

ANGLE #MICH DETERAINES nHICH SIDE OF THE
INTERSECTING PLAGES IS ILLUXINATED

LENGIH OF YECTOH FhOM SOURCE TC EDGE ME

CF PLATE np

LENGTH Cr VECTOR £HOW SOUHCE TO CLOSEST SDCE

v PLATE P

DOT PHODUCT Or BINORMAL OF COuMOMN cDGE OF PLATE Xp
AND NONMAL CF PLATE u0

MaTwld GF X,¥.Z COMPOMENTS DEFINING EDGE NNIT
VeCTORS [N k(S

heY¥oZ COUPONENTS DEFIMING SIMGLE RASFLECTION

PIACGE SOUNUCE CCORDINATE SYSTEM AXES iN RTS
COMPONENTS

KoY & CCHPONENTS OF UNIT VECTOE CE RAY FREY SOURCE
TU CUNNER UE OF PLATE Mp

RUNLALIZATION CONSTANT OF VI

DISTANCE BEINzEN TWO REIGHBORING CORNERS N A
PLATE SQUARED

JESTANCES BETwERN NEIGHBORING CORNERS M PLATES
Xo¥ 2 CUMPORENTS DEFINING PLATE UMIT NORFLL
DIRFCTIGNS [N HCS COUPOUENTS

PLAGE UNIT KCRMAL MORRALIZATVIOM COMSTANT

BATHIK CUNTAINING ENGE UNIT DBINGRMAL DIRECTIONS v
Her EHENCE CLORDINATE SYSTEX

X, Y. & COUARQEENTS DEF[NING UNIT VECTOWS OF SOURCF
AUk CCURDINATE SYSTEM AXSS [ =S

N ¥, 2 CONPOMNENTS DEFINING UNET VECTCRS COF SOURCE
CLUDEINATE SYSTEX AXES [N RCS

AnrsY U¢ CORPONEXTS DEFINKING S{NQALE aiD DOUBLE
MepLECTEON SUUNRCE 1UAGE LOCATIONS |N wCS

A, ¥od CORPONEHTS OF SINGLE HESLECTICR TYACE
LOCATION CALCULITER IN SUBRCUTINE [YAGE

a.¥ .2 CUAPORERTS O LUCATIUN CF COMNER PE OF PLATE
Ke

AL%u, SIACLE wErlECTIUN IMAGE LOCATION

i, ASHL

DS ANCE BEVRash COMMNEN LF GN PLATE ¥Q a¥.- CORUER
ke L PLASE A2 :

K Yol CUNPULENTS OF SOURCE LOCATION “QVED a S*ALL
ARGLEY 1N TRE DIuBCTION CF THE PLATE NORYal

tely JUUACE ON PLATE BLARE)

k¥, COuDUABNTY OF SOURCE (8AGE LCCATION
CALCULAYEY S0 SUBMUUTINE [MAGe #0R SOURCE

LURiA52l AT At

E,¥,Z OU. “URERTS ur VECTOW PHOK COHRXER MF OF 2LATE
BE GG JHE SULALR

Byl Beucy O Dinowwal OF EDE 8 OF PLAR W0 A
AMomaAL U PLATE ku

Qi PRUGICT W BORMALS GF PLATES 9D AND p




GEOMC
PURPOSE

To calculate geometry associated with fixed cylinder structures u
(end cap normals, etc.).

PERTINENT GEOMETRY

S N

SOURCE L.
XS '/ENDCAP MC

)

s

- sy

“— CYLINDER

WL

SOURCE
IMAGE |
XiC 1

Figure 69-~ Geometry for determining source image location
for reflection from cylinder end cap. |

> X

«z
=>
D
i
x>

VNC(1) + § VNC(2) + 2 VNC(3) 1
XS(1) + § XS(2) + 2 Xs(3)

XIC(MC,1) + ¥ XIC(MC,2) + 2 XIC(MC,3)
ZC(MC)
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s

A x

—TANGENT POINT #
XT,

SOURCE
LOCATION

XS -

“—TANGENT POINT #2
XTs

N
VT,

Figure 70~- ITlustration of vectors from the source tangent
ta the elliptic cylinder.

VT = % BTS(1) + § BTS(2)

T, = % BTS(3) + § BTS(4)

X7y = X A cos(VTS(1)) + § B sin(VTS (1))

XT, = X A cos(VTS(2)) + ¥ B sin(VS(2))

X5 = X XS(1) + ¥ XS(2) + 2 XS(3)
METHOD

The image source location is given by:
XIC = X5 - 2 an VRC,
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where | | 1
AN = (XS - XT) . VNC . ' }
l.

This is illustrated in Figure 69.

The tangent vectors from the source to the cylinder, as il-
lustrated in Figure 70, are found in subroutine TANG.
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FLOW DIAGRAM

Loop through end caps
(variable = MC)

L

Calculate the ;%? cap unft normal,
N ;

Calculate source image location
for reflection from end cap MC
(see Figure 69)

Is
source mountad on

endcap plane?

Yes

Is
source mounted on

No

and cap?

Yes

For electric source normal to end caps;
set LSRFC(MC)=true, FACTOR=]

for electric source not normal to end caps;
LSRFC{MC)=false, FACTOR=0.5

For magnetic source parallal to end caps;
LSRFC{MC)=true, FACTOR=2

For magnetic source not parallel to end caps;
LSRFC(MC)=false, FACTOR=1

LSRFC{MC)=false
Factor=l

Compute end cap single reflection
source image directions

B

[N NN

1

Compute source bounds on cylinder {tangent
vectors and related parameters)
(see Figure 70)
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SYMBOL DICTIONARY

AN

DSM
ENORM

LHIT
LSRFC
MC

NC
NI

YNC
vXI1c

XIN

DOT PRODUCT OF END CAP NORWAL AND RAY FROM END CAP TO SOQURCE
UNIT VECTOR OF RAY FROM SQURCE [MAGE TO SOURCE
DISTANCE FROM SOURCE IMAGE TO SOURCE

DOT PRODUCT OF END CAP NORMAL AND £ AXIS OF SOURCE
COORDINATE SYSTEM

SET TRUE IF RAY HITS END CAP (FROM SUB. CAPINT)
SET TRUE IF SOURCE 1S MOUNTED ON END CAP MC

END CAP INDEX YARIABLE

DO LOOP VARIABLE

SIGN CHANGE VARIABLE

DO LOOP VARIABLE

DO LOOP VARJABLE

XsYy AND Z COMPONENTS OF THE END CAP UNIT NORMAL {N REF COORD SYS
X,Y,Z COMPONENTS OF UNIT VECTORS DEFINING AXES

OF END CAP SOURCE IMAGE COORDINATE SYSTEM

SOURCE IMAGE LOCATION IN END CAP MC
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CODE LISTING

o

;CQNIO&U‘A(»N

2B LN—

00w

LEESLSEN N
b -—8

ci
Ci it
cit
cr

526

527

cttl

523

524

522
821

52¢

SUBROUTINE GEOMC

THIS ROUTINE COMPUTES ALL THE GEOMETRY ASSOCIATED
WITH FIXED CYLINDER STRUCTURES, END CAP NORMALS, ETC.

DIMENSION XIN(3),DS(3),VNC(3),VAX(3,3)

LOGICAL LPLA,LCYL,LSRFC,LHIT ,LDEBUG, LTEST

COMMON/PIS/PI,TPI,DPR,RPD

COMMON/GEOMEL/ A, B,ZC(2),SNC(2) ,CNC(2),CTC(2)

COMMON/SORINF/XS(3),VXS(3, 3)

COMMON/ INCINF/X1C(2,3) ,VXIC(3,3,2)

COMMON/FARP/Z TN JH HAW

COMMON/ SOURSF/FACTOR

COMMON/ENDSCL/ DTS, VIS(2) ,BTS(4)

COMMON/SRF ACC/LSRFC(2)

COMMON/LPLCY/LPLA,LCYL

COMMON/TEST/LDEBUG ,L TEST

IF(LDEBUG) WRITE(6,980)

FORMAT(/,# DEBUGGING GEOMC SUBROUTINE”)

DETERMINATION OF DISK IMAGES

IF(.NOT.LPLA) FACTOR=l.

LOOP THRU END CAPS

DO 515 MC=1,2

LSREC(MC )= FALSE.

NC=MC

IF(MC.EQ.2) NC==1

CALCULATE END CAP UNIT NORMAL

VNC( 1 )==NC*CNC (HC)

VNC(2)=0.

VNC( 3) =NC*SNC(MC)

CALCULATE SOURCE IMAGE LOCATION FOR REFLECTION FROM

END CAP NC

AN=XS(1I%VNC (1 )#XS (2 )AVNC(2)+ XS(3)=ZC (NC ) I*VNC( 3)

DO 518 N=1,3

XICOMC N )= XS (N)=2 . *AMRVNC(N)

IS SOURCE MOUNTED ON END CAP PLANE?

IF(ABS(AN) .GT. |.E=5) GO TO 520

DO 526 Nel 3

XS(N)®XS(NI+1.E=-5*VNCIN)

AN=XS(1)RVNC (1 )+ XS(2)%VNC(2)+{ XS 3)=2C (HC ) I*YNC(3)

DO 527 N=ml,3

XICONC  N)=XS (3 )=2 . #ANWVNC( N)

éguAgTENNA MOUNTED ON END CAP, IF SO IDENTIFY
= i 3

DO 523 Nui ,3

DS(N)=XS(N)=XIC(NC {N)

DSM=DSM+DS (N )#*DS(N)

DSH=SQRT(DSH )

DO 524 N=l,3

DS(N)=DS (N }/DSM

XINCN)=XIC(HC,N)

CALL CAPINT(XIN,DS,DHIT,MC,LHIT)

IF(.NOT.LHIT) GO TO 520

ENORMSVNC( 1 )#VXS (3, 1 J4VNC(2) #VXS(3,2 )1+ VHC( IWVXS(3,3)

{F(IN.NE.@) GO TO 521 :

IFC1=ABSCENORM) ,GT. 1.E=3) GO TO 522

LSREC(MC) =, TRUE,

GO TO 520

FACTOR=.5

GO TO 528

LF (ABS(ENORY) 6T 1 .E=3) GO TO 520

LSRFC(MC )=, 1HUE,

FACTOR®2 .

_CONTINUE
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515

g2
511
$le
ce1t

%15

COMPUTE END CAP IKAGE SOURCE AXES DIRECTIONS
CALL INCDIR(VAX,VXS,VNC)

DO 538 NJ=1,3

DO 530 NI=1,3

YXIC (NI ,NJ MCIaVAX(NT ,NJ)

CONTINUE

{F(.NOT.LDEBUG) G0 TO 910

DO 911 MC=l,2

WRITE(6,#) MC,LSRFC(HC)

WRITE(6,#) (XICCMC,N) N=1,3)

DO 912 Nls=1,3

WRITE(6,#) NI,(VXICCNI,NJ,MC),NJ=1,3)
CONTINUE

CONTINUE

DETERMINATION OF SOURCE BOUNDS ON CYLINDER
CALL TANG(DTS,VTS,BTS,XS)
IF(.NOT.LDEBUG) GO TO 915

WRITE(6,#) DTS

WRITE(6,#)VTS(1) VIS(2)

WRITE(6,*) (BTS(J),J=1,4)

CONT INUE

RETURN

END
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GEOMPC
' PURPOSE

To compute variables pertaining to plate-cylinder interactions

which are constant for a given set of plates and cylinder and a given
source.

L o T

PERTINENT GEOMETRY

EDGE MEN!

Eii Geied e find

PLATE MP

|
yoy

Figure 71-- Illustration of plate attached to cylinder
as detailed in section 1.

et e s aee M
”
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¢

A
T

PRI S

Scmriunpio

st

T SOURCE

x \PLATE MP

i

Figure 72-- Illustration of seurce rays reflected by plate NP tangent
to the cylinder as detailed in section 2.
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PLATE MP 1

v
\
EDGE
ME
\/ . 1

Figure 73-- Illustration of bounds for cylinder reflected, plate
diffracted region detailed in section 3. f

SOURCE
B,

REFLECTION
POINT #|

N

T~

DIFFRACTION
POINT # | ™,

DIFFRACTION
POINT #2

EDGE ME —>

SOURCE

PLATE MP REFLECTION ' »
POINT #2 ' l
Figure 74-- Illustration of starting point path for plate diffracted, '
cylinder reflected ray tracing algorithm as detailed in section 4. l
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METHOD

The bounds for cylinder reflected, plate diffracted fields are
11lustrated in Figure 73. Details of the method used to find these
parameters are given on pages 149-154 of Reference 1. Also see the
write-up for subroutine RFOFPT. The startin? point paths for plate
diffracted, cylinder reflected fields are i1 ustrated in Figure 74.
Details of the method used to find these parameters are given on pages
161-163 of Reference 1. Also see the write-up for subroutine DFRFPT.
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FLOW DIAGRAM
FLOW DIAGRAM -
1. ?:::miu carners and edges which gre attached to the cyl-

r, (

Step through plates L .

virighle « M l

Step around edges on :

plate Mp il l

If coraer ME of plate W i3 or the i
cylindar surface, set ’ : .

LCDIMP  ME )= TRUE

It edge M ig attachad to tre : )
cylincer, tet aecge angle FY
for this edge equal to -}

1
I

2, Determination of imaqe hourds oa cylinder

|

Step thry platas

O ———

[

T
| ' i
Concute tingent potats 4nd ELaagent Lmil ¢
vectory for rays siegly reflicted from
phate ¥ tangeat to gylisRe
-
]
i £
i g
= &

Y. Deteraination of pgreisgible eance for cpliiede
ref lected, Dlate diffracied tem

|

e thry plates Ml

g
*

g g

1
olate W totally yded
from sourge!
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Step through edges

If qorner M€ 15 on cylinder, temporarily
define sew corner slightly
off cylinder

Fing reflectica point on cylinger
for source Fay which reflects off
cylinder aad Nits cormer HE

of plate W

Taxe dot products of bath edge wictors
aeeting at cormer ME and ray incident

on corner ME to cbtain diffraction limit
for cylindger-eeflected, plate-
4iffrecied oy

Sisp twougx plates

{sm hroush edees

.(an?até beanch ¢yt diptacement
:; ¢ fee 2iffracted.epfigiteg
reflected gitfeacted ript

.1
. ' .
€. Oeterminptlios of piramglees for ray 1fFracied &y
plite and tym reflecles off 2f gpitaler
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1s
plate W totslly
shadowed from source?

[ Steo through edoes |-

If edqe ME tg valig
diffracting edge,
set LOC{MP ME)e TRUE.

—

1
Comaute 32:-cing paint for diffractice-reflection
ray trec i algorita

L Step throuzk plates

| Ste theougs corners |w

| i

Calzutate {arartingl eeflectios
SAIRT gt Ml petitive gad
af culinme

Somnte SIFTegstion prinl oo oige
W For rof leciion Sioh g itive
€8 «f cplingee »

Saleolate correthanding ray prasIgatica
SIEREISA Bicbwioom JEFEractson :
5 reflestion

{
!
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Calculate bound and on reflection
amyle

fepest above computations for
reflection at most aegative
end of cylinder

Decide which starting location
to use

l—Stare starting point paraseters l
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BCD

. BICN

gice

A BTDC

B1l
.- DTCH

b DICy
¥ LTDC

By D1l

SYMBOL DICTIONARY

DIFFRACTION LIMITS FOR RAY REFLECTED BY THE CYLINDER

AND DIFFRACTED FROM PLATE

XoY CUMPUNENTS OF UNIT VECTORS FOR RAYS TAMGENT TO
THe CYLIMDEKR FROK DIFFRACIION POINT ON PLATE EDGE
(FOk MOST NEGATIVE STARTING POINT ON CYLINDER)

X,Y COMPOMENTS OF UMIT VECTORS FOR RAYS TANGEIT TO
THE CYLIHDER FROM DIFFRACTION POINT ON PLATE EDGE

(FOR MOST POSITIVE STARTING
ALSC- SEE BTI

POINT ON CYLIMDER)

%Y COMPONENTS OF UNIT VECTORS FOR RAYS TANGENT TO
THE CYLIMNDiER FROM DIFFRACTION POINT OMN PLATE EDGE

(*0it FAVORED STARTING POINT

OH CYLINDER)

X AKDY Y COMPONENTS OF SOURCE IMAGE VECTORS TANGENMT

TO WHE CYLINDE#R

DOT PHOMICT OF UNIT VECTORS
FdadOb DIFFRACTION POINT (FOR
OMN CYLINTER)

DOT PRODUCT OF UNIT VECTORS
FROM DIFFRACTION POINT {FOR
ON CYLINDER) (ALSO SEE DiD)
DOT PRODUCT CF UNIT VECTORS
FROM DIFFRACTION POINT (FOR
CYLINDER)

DOT PRODUCT OF SOURCE IMAGE

OF RAYS TANGENT TO CYLINDER

MOST NEG. STARTING RFFIL POINT

OF RAYS TAMGENT TO CYLINDER
MOST POS STARTING REFL POINT

OF RAYS TAMGENT TO CYLINDER
FAVORED STARTING POINT ON

VECTORS TANGENT TO

e i e

v e

P Pouemraera

rowa asc s

THE CYLINDEK (SINGLE REFLECTION FRGM PLATE MP)
‘ LeD  SET TRUE IF CORNER ME OF PLATE 4P IS ON CYLINDER
4 LUC  SET TRUE IF EDGE ME OF PLATE 4P IS STRONG DIFFRACTING
PART OF AEDCE (FNP<i))
MEC INDEX VARIAFLE USED TO DETERMINE COMMOM EDGES
3 MEN [iDEX VARIABLE USED TO DETERMINE COMMON EDGES
C g AEX  MAXIMUM NUMEER OF EDGES ON PLATE MP
g PUCR  PHI CCHMPONENT OF RAY PROPAGATION DIRECTIOM AFTER
REFLECTION FROM CYLIMDER (RAY DIFFRACTED BY PLATE EDGE

Prrorvomasy

Pty

i

AND THEN WEELECTED BY CYLINDER) }
PHiK  BRANCH CUT DISPLACEMENT ANGLE £GR DNIFFRACTION POINT {
ALONG EDGE ME OF PLATE MP
RC DISTANCE FRU: Z 24LS TO PLATE CORMER
RE RADIUS OF CYLINDZR AT POINT DEFINED RY ELL 2
ANGLE VC ;
TUCK  THETA COMPONENT CF RAY PROPAGATION DIRECTICON AFTER i
REFLECTION FROM CYLINDER (RAY DIFFRACTED RY PLATE ENGE
AND THEN REFLECTED BY CYLINDER) :
Jcb Z COMPONENT COF REFLECTION POINT LOCATION ON CYL. i
FOR RAY WIICH [S REFLECTED BY CYLINDER AND DIFFRACTED I
BY EDNGE W& OF PLATE Mp
uue 2 COMPGNENT OF STARTING POINT LOCATION ON
CYLINDEK (FCKR RAY TRACING ALGORITHM) FOR RAY DIFFRACTED i
BY PLATE EDGE AND THEN REFLECTED BY CYLINRER §
ve ELLIPTIC ANGLE DEFINING LOCATION OF A CORMER (2~D) :
vCU ELL. ANGLE DEFIMING REFLECTION POINT OM CYLINDFR (2-D)
FOR RAY WICH IS REFLECTED BY CYLINDER AND DIFFRACTED .
BY EDGE ME OF PLATE 4P {
Ve ELL ANGLE DEFINING STARTING POINT ON CYLINDER (FOR z
HAY=TRACING ALGORITHM) FOR RAY DIFFRACTED
BY PLATE EDCE AND THEN REFLECTED BY CYLIMER
Vi X,Y,Z COMPONENTS OF PROPAGATIOM DIRECTION OF RAY £
INCIDENT ON CYLINDER REFLECTION POINT i
VTl ELL ANGLE DEFINING DIRECTION OF THE TWO RAYS i
FrOm TMAGE SOUECE TANGENT TO THE CYLINDER (SINGLE REFL.
UF LOUKRCE RAY FROM PLATE ME) .
qC MODTELED PLATE CORNER 1.OCATION USED IN DETFRMIMING i
CYLINGER REFL, PLATE DIFFRACTION LIMITS §
N Ko Yoo COMPOMELTE OF STARTING DIFF. POINT LLOCATION ¢
GO Gl e TFOR KAY TRACING ALCORITHM)Y FOR RAY DIFF.
BY PLATE HDGE ARD REFLECTED BY CYLINDER
X XYy COMPONENTS OF STARTING REFIECTION BOINT ON VI }
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CODE LISTING

1 C

citl
ctt
(SR
cty

CEXSO UL N

10
il
12
i3
14
15
16
17
16
iy
26
21
22
23
24
25
26
2%
28
2%
St
31
32
33
2%
b
36
37 L8
38 €14
3y
4y
41
42 3
43 it

47 Gl

SUBROUTINE GEOMPC

THIS SUBROUTINE COMPUTES ALL THE GEOMETRY ASSOCIATED
WITH FIXED PARAMETERS FOR PLATE-CYLINDER INTERACTIONS

DIMENSICH XII(3),XIN(3),VI(3),DS(3),XC(3),VNC(3)
DIMENSION X0B{3) . XDC(3),VTCP(2)BTCP(4},VICN(Z2),RTCN(4)
LOGICAL LPLALCYL,LDC,LECD(14,6),LSRFC, LSURF,LDEBUG,LTEST
LOGICAL LIHD,LSHD,LSTD,LSTS,LCTD,LHCTLHIT
COMKON/PIS/PL, TPIDPR,RPD
COMMON/CEOMEL/A,B,2C(2),SNC(2) ,CNC(2),CTC(2)
COMMON/GEOPLA/X(14,6,3),V(14',6,3),VP(14,6,3),VN(14,3)
2 MEP(14) MPX

COMEON/EDMAG/VMAGL 14,6)
COMMON/SORINF/ZXS(3),VX5(3,3)
COMMON/IMAINF/XI(14,14,3),VX1(3,3,14)
COMMON/IMCINF/XIC(2,3),VXIC(3,3,2)
COMMON/ZFARP/IM H HANW

COMMON/SOURSE/ZFACTOR

COMMON/ENDFCL/BD(14,6,2)
COMMONZENDSCL/DTS, VTS(2) ,BTS(4)
COMMON/BNDICL/DTI(14),VTI(14,2),BTI(14,4)
COMMON/ENDRCLAVCD( 14,6),UCD(14,6) ,BCD( 14,6,2)
COMMON/ENDDCL/VDC(14,6) ,UDC(2) ,PDCR(14,6,2),TNCR(14,6,2)
2,0TDC(14,8),BTDC(14,6,4) ,DDC(14,6,2)
CCMMCN/SREACCZLSREC(2)

CONMON/SURFAC/LSURF( 14)

COMMON/LPLCY/LPLA,LCYL
COMMON/LSHDT/ZLSHD(14),LIHD(14, 14)
COMMON/LSHDP/LSTS,LSTD(14)
CORMON/LDCBY/LIX(14,6)

CONKON/IEST/LDEBUG,LTEST

COMMCH/ZFNANG/ENP(14,6)

COMMON/ERNPHH/PHAR(14,6)

IF(LDEBUC) WRITE(6,903)

FORMAT(/,” DEBUGGING GEOMPC SUBROUTINE?)

1. DETERFINATION OF EDGES ATTACHED TO CYLINDER
DO 3 MP=l MNPX

MEX=MEP(MP)

DO 3 ME=1 MEX

LCD(MP, NE) =, FALSE,

STEP THkU PLATES

DO 17 MF=1 MPX

MEX=MEP (KP)

MEC=4¢

STEP ARGUND CORNERS ON PLATE UP

DO 14 ME=i MEX

RC=X(HP,ME, 1 )X X(MP HE, 1) +X (MP,ME 2 )% X( 1P UE, 2)
VC=BTAN2 (ARX (MP,ME ,2) B X(¥P ME, 1))

XE=A*COE(VC)

YE=B&SIN(VC)

RE=XE*XE+YE*YE

IF(ABS(LC=RE).GT.0.021) GO TO 14
IF(XCHPHE 433, GTZCC 1)+ XE*CTC( 1) .OR,
2X(MP (MEL3) LT 2C(2 )+ XE*CTC(2)) GO TO 14
LCD(4p L 3) =, TRUE,

X{MP,LE, 1 =XE

X(MP (4E,2)=YE

[F{MEC.NE.®) GO TO 13

MEC=iE

GO TO 1«

MEN=MEC

IF CRAE=HEC.GT 1) NEN=MEX

IF ERGE ME IS ATTACKED TO CYLINDER, SET WEDGE ANGLE INDICATCR
TO <1 AL FLAC
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e S

] FHP (AP JEN )=~ ,
cE 14 CONTINUE
IF(LOEBLG) LKITECG*) (LCD(NP,KE) ME=1 KEX)

c
<

K, CORT INUE
71 Citt 2. DETEKLIFATION OF IMAGE BOUNDS oI CYLINDER
72 Citt  STEP THKU PLATES
K DO 62 4B=1,M4PX
Y DO 69 K=1,3
75 w9 XINQOD=XT (8PP D i
70 V41 CALCULATE TANGENT ANGLES AMD UMIT VECTORS
IR CALL TAMG(DICP,VTICP,BICP, X1
18 DTI(MP)=NTCP
Y VTI(HP, 1)=VICP(1)
8¢ VII(MP,2)=VICP(2) o
g1 DO 61 J=i,¢
82 ol BTL{MP,J)=RTCP () -
83 IF{.NOT.LDEBCG) GO TC o2 ]
84 WRITE(G, %) DTI(HP) d.
BH WRITE(6,%) VTI(YP, 1) ,VTICiP,2)
66 WRITE(S, %) (BTI(MP,J},J=1,4) »
87 2 CONTINUE :
£e CHYY 3, DETERMINATION OF PERMISSASLE RAMGE FCR CYLINDER &
8y C11}  KEFLECTED, PLATE DIFFRACTEP FIELDR - i
Y6 Ci3t INITIALIZE VALUES
vi DU 99 MP=1 ,MPX : o
Y2 MEX=MEP(MP) .é
v3 DO V¢ YE=1,NEX @
94 VCD(HP,ME) =0,
vy BCD(MP,AE, 1)=0),
Yo Y BCD(MP LE,2) =0, B
Y7 Gt STEP THEY PLATES g
“8 DO 92 Mb=t pPX -~
9 CtIt IS PLATE MP TOTALLY SHADCWED FRCY SO'NCE?
1eb IF(LSHD(KR)) GO TO 2 -
161 MEX=MEP(22) i
102 €4l STEP ARUUND EDGES ON PLATE MP N
163 DO 91 ME=1,MEX
lwé CH1!  IF EDGE ME IS ON CYLINDER, DEFINE NEW CORMER
lgh ¢! SLIGHTLY OFF CYLINDER -
106 IF(LCD(MP,MEY) GO TO 94
167 DO ¥3 H=1,3
148 V3 XC{NI=X (B ME, 1)
10y GO TO 97
110 Y4 VCR=BTAN2 ( X(HP (ME,2) X (%P, NE, 1))
11 SNX=B*CLS(VCR)
12 SNY=A%SIN(VCR)
K J=0
114 45 J=d+| {
) MJ=pME+1=J ]
1e IF(MJ.EQ.U) MI=MEX {
1 VCY=SHX*V (MP 3J, 1) +SHY*V (1P, 1] ,2)
1is IF(ABG(VCV) L LT 1L.E=5) GO TO ¥5 )
1y SVCV=SIGK{ .1, VCV) {
120 DO vo N=1,3 i
121 s6 XCOMI=X(MP JMEL 1) #SVCVRV (HP 1T, M)
122 43 CONTINUE :
123 €141 USE RAY TRACING TECHNIQUES TO DETERKINE REFL.
124 ¢l POINT AMD HEFL. RAY DIRECTION OF SOURCE RAY REFL.
125 ¢4 FRCM CYLINDER AMD INCIDENT ON CORNER “E OF PLATE (P
120 C14! (SATISFY LAW OF REFLECTIOM)
127 CALL HFDFINC(VR,UR,VI,XC) :
128 VCDUMP  ME) =VR {
tay UCD(MP  MEI=UR
150 DL Y1 J=1,2
134 MJ=ME+ 1 =]
132 IF (MJGFG 1) MJ=REX ‘
NCO
«JIQ B
- .

g LA LA B AN 11 e - - - . .- e

Srer .
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133 DO i M=l 3

134 Ci!t  TAKE DC1 PFODUCT OF RAY INCIDENT ON CORMER AND
155 C140  EDGE UNIT VECTOR 10O OBTAIN DIFFRACTION LIMIT
130 ¢1 BCD(MP (MJ, J)=BCH(MP M (JI+VINO U M)V (H)

137 IF(.NOT.LDEBUG) GO TO 92

138 WRITE(G,%5 (VCDQUPHE) ME=1, MEX)

13y WRITE(G6,%) (UCD(NP ,ME) ME=], HEX)

140 WRITE(G,%) (BCD(MP,ME, 1) ,BCD(MP,HE,2), ME=1 MEX)

I, = ' 5 ickiiod Mq

i4: 92 CONT Ihitjk:
142 C41! DETERMINATION OF BRANCH CUT DISPLACEMENT ANGLE FOR

. 143 CY1Y REF=DIF AND DIF~-REF TERMS

3 144 U1 STEP THRU PLATES

=y 145 D0 182 MP=| ¥PX
l40 MEX=MEP(MP)

- 147 Ctf1  STE® THKU EDGES

B 148 DO 181 KE=|, MEX

z 14y XPHW=X (5  ME, 1 )48, 5#YMAG (4P, ME J*V(MP ME, 1)

> 150 YPHW=X{ MP, ME ,2 )+, SAVMAG (1P, ME )%V (MP ,ME, 2)
i5i PHWR(MP , MZ )=ETAN2{ YPHH , XPHH)

- 152 19} CONTINUE

: 153 IF(.NOT.LDEBUG) GO TO 103

4. 154 WRITE(S,%) (PHRR(MP,ME) ME=1 MEX)

159 105 CONTINUE
16 ¢4l 4, DETEKMINATION OF PARAMETERS FOR RAY DIFFRACTED

i 157 C!1!  5Y PLATE EDGE AND THEN REFLECTED OFF OF CYLINDER

i 158 DO 111 MP=l,MPX

i 15y MEX=MEP (NP)
16¢ DO 11t ME=1,MEX

. 161 431 LDC(MP,NE)=,FALSE.

: lo2 C!t! STEP THKU PLATES

1 1o DO 114 KP=1,HPY

: 104 IF(LSHD(RP)) GO TO 114
lob MEX=MEP(MP)

¢ 166 1Y STEP THKU EDGES

! tov DO 113 NE=1,MEX

§ 1608 IF(FNP(MP,ME).LT.8.) GO TO 112
loy LDC(MP,ME) =, TRUE.

179 112 CONTINUE

171 413 CONTINUE

172 IF(LDEBUG) WRITE(6,%) (LDC(MP,ME},ME=1 ,MEX)
173 114 CONTINUE ‘

174 UDC(1)%ZC(1)+A*CTCC 1)

175 UDC(2)=ZC(2 ) +A%CTC(2)

170 IF(LDEBLUG) WRITE(O,*) UDC(1),UDC(2)
177 Ci1t  STEP THhU PLATES

118 DO 118 XPs=) ,MPX

i1y MEX=MEP(MP)

18¢ C1t! STEP THkU CORNERS

1814 DO 118 ME=1,MEX

162 IF (. NOT.LDC(MPME)) GO TO 118

183 MJ=HE+(

: 184 IF{MJICT.MEX) MI=!

i 185 VDCA=BTAN2 (A*X(MP,NE,2) BXX(MP FE, 1))

{ 180 VDCB=BTANZ (AXX (MR MJ 2) ( BRX(HP I, 1))

187 VDC(MP ME) =, 5% (VCA+VDCB)
168 C!1! CALCULATE (STARTING) REFLECTION POINT AT MOST
gy Cl1E! POSITIVE END OF CYLIMDER

) 19¢ XOB( 1)=A%C0S (VDC (MP ME))

Y1 XOB(2) =E#*SIN(VDC (4P, ME))
192 XOB{3)=LDC (1)

; 1vs VM X=B*CUS (VDC(MP JME) )
194 VNY=A*SIN(VDC(MP ME))

i iyh CHIt COMPUTE STARTING DIFFRACTION POINT CORRESPONDING
Ivo Gl TO REFLECTICN POINT AT MOST POS. EMD OF CYL.
1y CALL DPTNEW(XS,XOB,XNC,MEHP)

} 198 C!!t CALCULATE CORRESPONDING REFLECTED RAY PROPAGATION
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B . - VO

vy €Lt
2L
201
212
203
204
20%
200
267
208
20y CL1Y
2y
211 Ciit
212
215
214
2ih
2lo
217
218
21¢
220
221
222
228
224
22%
226 ¢t
227 Ccit
228
229
2:0
231 11%
232
253 116
234
259 417
256 1Y
237
238
2y
249
241 1B
242
245

DIR:CTIUN FOR ABOVE DIEFRACTION AMD REFL. POINTS
VIQ)=XOBC1)=XDC (1)

VI(2)=X(B(2)=XDC(2)

VI(3)=X0B(3)=-XDC(3)

CNIPaVNX*VI(1)+VNYRVI(2)

CNIN=VNXRVI{2)=VHYRVI( 1)

POCR NP VE (1 )=BTAN2 ( (CNIN®VIi X~CHIPRVNY )} , = (CHIPAVHXHCH] VY ) )
CPDC=COS(PDCKIMP G ME, 1))

SPDC=SIN(PDCRUIR JME, 1))

TOCR(KP (ME 41 )=BT AH2(=CHI P, (VHX*CPDC+VIIY*SPDCI*VI(3))
CALCULATE BOUND ON REFLECTIOM ANGLE

DDCOMP ME, 1) =COS(TDCR(MP L UE, 1))

REPEAT CALCULATIONS FOR MOST NEGATIVE ENDCAP

CALL TANG(DICP,VTCP, BTCP,4DC)

XOB(3)=UDC(2)

CALL DPIMFW(XS,X0B,XDC ,ME,4P)

VICH=X0EC(1)=XDC (1)

VI(21=XCB(2}=XDC(2)

VI(3)=XCB(3)=XDC(3)

CHIP=VNIAVI(1)+VNY®*VI(2)

CNIN=VNX*VI(2)=-VNY®VI(])

PDCR (MP (ME ,2 =BT AN2 ( (CHINSVNX=CNIPRVNY ) , ~(CHIPRVMX+CHI N¥VHY))
CPDC=COS(PICR(MP JMEL2))

SPUC=SIN(PDCR{MP ,ME,2))

TOCR (MP (ME 2 )=BT AN2 (~CMNI P, (VIIX*CPOC+VMY%SPDCI*VI(3))
CDC (MP ,ME,2)=COS{TDCHI(}P,1iE,2))

CALL TANGY{DTCM,VTICHN,BTCH,XDC)

DECIDE WHICH STARTIHNG LOCATION TO USE BETHEEN “0ST
NEGATIVE AND MOST POS. END CAP VALUES
TF(DTCM.GT.DICP) GO TO 116

DTNC (XP, ME }=DTCP

DO 115 J=1,4

BTDC (NP, KE ,J)=BTCP(J)

GO TO 1y

DTDC (P, E ) =DTCN

DO 117 J=1,4

BTDC (MP, 48 ,J )=BTCl(J)

CONTINUE

IFC.NOT.LDEBUGY GO TO 118

WHITE(o, %) VDC(MP,ME), (PDCR(MP ME,J} ,JOCR(HP J'EJ) (J=l,2)
2 ,LTDC(ME (HE)

WRITE(o, %) (RTDC(MPLFEJ)J=1,4) (DDCCYP MELJ) oJ=1,2)
CONTIHUE

HETURN

END
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IMAGE
PURPOSE

To determin2 location of source image for reflection of source
ray off of plate MP. (double reflection image locations may be obtained
by calling IMAGE twice; once for the source ray reflection from plate
MP and once for the reflection of the ray from the image location off
of the second plate.)

PERTINENT GEOMETRY

SOURCE LOCATION

_T_ XIS
AN
Pl
*_ T VN
AN CORNER | PLATE MP
OF PLATE MP
z .1_ =
X
I ~ IMAGE LOCATION
Y XII

Figure 75.. Geometry for determining source image location.
VN = plate unit normal = X VN(MP,1) + § VN(MP,2) + 3 VN(MP,3)
XIS = X XIS(1) + § XIS(2) + 2 XIS(3)
X = X X(MP,1,1) + y X(NP,1,2) + Z X(MP,1,3)
METHOD
The source image location is given by
XIT = TS + 2 AN W = X XII(1) + § XII(2) + £ X11(3)
where

AN = (X - XT5)-WN
and X, XIS, and N are as shown in Figure 75,
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FLOW DIAGRAM

IMAGE (XI1,XIS,AN,NP)

INPUT VARIABLES
X1s X,¥,2 components of source location
in reference coordinate system
N plate into which source is imaged

QUTPUT VARIABLES
XI1  x,y,z components of image locatfon
in reference coordinate system
Al distance from plate plane to source
(negative AN indicates source
1ies on the side of the plane into
which VN points)

Calculate AN, the dot oroduct of plate normal and the vector
from the source to corner #1 of the plate

Calculate the image location
XIT =5+ 2 a8 TR

! Return l

SYMBOL DICTIONARY

AN

14
XIi
X1s

DOT PRODUCT OF VECTOR FROM SOURCE TO EDGE OME OF
PLATE MP AND THE PLATE UNIT NORMAL

PLAIE INTO WHICH SOURCE IS IMAGED

XeY,Z COMPONENTS OF IMAGE LOCATION IN RCS

XeYyZ COMPONENTS OF SOURCE LOCATION IN RCS

CODE LISTING

SO ALIL—" OO TP LN, ~

-— e o= ———

(o &% 2% o% S
PSR SA,

1)

SUBROUTINE IMAGE(XII JXIS,AN,HP)

DETERMINE IMAGE POSITIOM FOR SOURCE XIS IMN PLATE #4P.
AN THDICATES WHICH SIDE OF PLATE SOURCE IS LOCATED
HELATIVE TO PLATE NORMAL.

DIMENSILH XI1¢3),XIS(3)
COMMONZCEQPLAZX(14,6,3),V(14,0,3),VP(14,6,3),VN(14,3)
QEPC14) PX

Al‘:'(’o

Do 19 N=1,3

ALzAN® (A (UP 1 M) =X TSN} RV NCUP M)

N 2y Nat,3

NETCH)mRIS (N )+ 2, wANRVE(HP,N)

KETURN

END
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IMCDIR
i1 PURPOSE
o

To determine the source image axes directions for a source
r after reflection off a given end cap.
Ed
- PERTINENT GEGMETRY
| A
. n
‘ 4 4 SOURCE
P AXES

- it

1
-
<END CAP SURFACE
Rer 4

PN
IMAGE P8,
AXES

‘PN:
A
Zpy

Figure 76a-- Illustration of imaging of source axes
for magnetic source.

A

x_ = X VSOURC(1,1) + § VSOURC(1,2) + % VSOURC(1,3)
oo % VINAG(L,1) + § VIWAG(1,2) + 2 VINAG(1,3)

fi = unit normal of endcap
t

= ynit vector tangent to endcap

TN S e e
$

>0,
piso

'.g4$wmy_

— TS S S 7 s TR S

i
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P

SOURCE
AXES

PBx PB, {

A “™“END CAP SURFACE
PI

PN,

IMAGE
-pg, ; AXES

s

Figure 76b--Imaging of source axes for electric source.

s
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A

Figure 77--Endcap coordinate system.

A =VAC = x WNC(1) + y WNC{2) + 2 WNC(3),  VNC(2)=0
T=VC =x VC(1) + yvc(2) +2VC(3) ,  VC(2)=0
b=

NETHOD

The source image axes unit vectors for an electric source
imaged in an end cap are given by

~ ~ ~

- } . A . ~ ’A %+ ~ .A )
Xp i ( xp n)n (xp t) (xp b)b

-~ ~ A A A A A A A A ]
, o= . * (= . $+ (= . i
fp‘ fzp n)f ( zp t)t + ( zp b)b 3
ypi = zpi X xpi
For a magnetic source, the axes are given by
. ~ 'A .Y + ‘A ’h ~ + -A .A ~
xp‘ (xp n)n + ( xp t)t + ( xp b)b
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By = (-Zy R + (3,818 + (3468

991 =A'z‘pi‘x ip.i
where xp, yp, z, are unit vectors of the source coordinate system
axes and ;pi’ Ypis ipi are the unit vectors of the source image co-

P
ordinate system for the end cap.

FLOW DIAGRAM

IMCDIR (VIMAG,VSOURC,VNC)

INPUT VARIABLES
VSOURC x, y, and z components deﬂnin? the
source coordinate system ases in
RCS components
YRC X, ¥, and 2 components of the
end cap unit normal

OUTPYUT VARIABLE
VIMAG x, y, and z components defining the
source image coordinate system axes
in RCS components

l

Step through x and ¢ axes
Ks]1 corresponds to XP axis transformation
K=3 corresponds to ZP axts transformation

l

Transform axis to end cap
coordinate systee

Calculate tmage axiy in
end cop coordinate system

Transfors image axts back
13 refecence coordinate
tystom components

Tace £ross product of ¢ and 3 a1
:es 1o cbtain y tmyge axve

! Retyrn l

ot ettty s

T oy

R —ttd
..

E-xcmsiiy

€ g
P 2
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SYMBOL DICTIONARY

K

L

LL

PB

PN

PT

vC
VINAG

VNC
VSOUKC

vX
VY
vz

INDEX VARIABLE

INDEX VARIABLE

INDEX VARIABLE

DOT PRODUCT OF END CAP UNIT BINORMAL AND UNIT VECTOR OF SRURCE
AXIS BEING I1MAGED

DOT PRODUCT OF END CAP UNIT NORMAL AND UNET VECTOR OF SOURCE AXLS
BEING IMAGED

OOT PRODUCT OF END CAP UNIT TANGENT AND UNIT VECTOR GOF SOURCE
AX1S BEING JMAGED

X, ¥.Z COMPONENTS OF UNIT VECTOR TANGENT

TO END CAP (IN X-Z PLANE

ARRAY OF COMPONENTS DEFXHIHB THE SOURCE IMAGE COORDINATE
SYSTEM AXES IN (X,Y.2) REF COORD SYSTEM COMPONENTS

X, Yy AND Z COMPOKENTS OF END CAP UNIT NORYAL

ARRAY OF COMPONENTS DEFINING THE SOURCE COORDINATE SYSTEM
AXES [N (X,Y,2) REFERENCE COORD SYS. COMPONENTS

- Xo¥e AND Z COMPONENTS QF SQURCE AXIS BEING IMAGED

CODE LISTING

CTOUE (N —-
cOote O
PO b
" omre pw
fougrpentnint

12 ¢t

SUBKOQUTINE [HCDIRCVIMAG, VSCUARC ,¥NC)

EETEMNINES DIRECTICON GF IMAGE SUURCE COORDINATE
SYSTEM FOR THE END CAPS.

DIRENSIGM VINAGT I 3y VSQURCCI, 3),UKSC(3) VC(3)
CORMQIH/ZE ARPZ IR H AN

VC LI tevREE )
VOIS 1o,
VO3 a3t (1

4y IMAGE X MND Z DIPOLE AXES

00 1S Liel,2

Leli -]

Kale2e}

fNAhSF‘.}&k AXIS TO END CaR CORDIHATE SYSTER
VXsVSGURCLK, B

vYeySOUKCIR, 2)

VZeySUURCIK 2 )

PUeYXeVECL 1) eUYOUNC( QI oVTouNT( )

PToeXeVCL I Yo Yov(i 2)evZevC )

Pgeyy

-
-

P FIRL IMAGE RXLS

IRt uel} B, 00 GO VO 1
PNty

G0 2

Pin=y

Pimady}

CaHy intse

11 TRANSEUMG IWAGE AXIS BACK TO REFERENLE COGRDIMATE SySTEM

VIHAGIE , 1 1o heVRTL D 1 ePTRvE i} )
VERAGIR 2V uERoVKC I D)2 TaNT 2 bopl
\tmmxé ;e wPEAVCE Y aPTeNC (D)

CUNRT Nt

10 JARE CHULS SROINCT OF 2 MiD I JRASE MifS *e

1 CGUTAIN Y tma- 3 Aﬂs
V!misl:.i‘w!r& 2 TOVIMATE Y J) =V NETLY, Mngm*r_;a
vamsx:,z:-wm«:n JrewivaCe, nwwmu. EINATI L, 32

VINAGIZ, J) oV iNADT 3, 1 )oVE Raliy l.;;-::umié.ﬂw.mm 1.1
i |

$67
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IMDIR
PURPOSE

To determine the image source axes directions for a source (or
source image) after reflection off of a given plate.

PERTINENT GEQOMETRY

Figure 783--1m2qing of source coordinate system for electric source
(shown in two dimensions for simplicity).

268

§

b i

T ]




NI Bty e

§ 5
A
A SOURCE 2

4 AXES

| <
N/ on,

L e BN e IR Sl

§d

: Figure 78b--Imaging of source coordinate system for magnetic source
(shown in two dimensions for simplicity)

i The current fiows in the ip direction.
plate unit normal = XVI{MP,1) + ¥ VN(MP,2) + Z VN{MP,3)
unit vector tangent to plate = X V(MP,1,1) + y V(NP,1,2) + 2 V(NP,1,3)

it

-~

anxtsx VP(NP.1,1) ¢y VP(NP,1,2) + 2 VP(MP,1,3)

s ev) 3>
1]

(unit vectors t and b arbitrarily chosen to be edge vector V and bi-
normal VP of edge #1 con the plate).

NETHOD

The source isage axas unit vectors for an electric source are
given by
e (oh i+ (D (3 D)
= (xpenn + (xpet)te (x)0b)

i® (zp-n)n + {~2

p -~ -~ ~ =~
y . ¢ (-2 ob)b
0 o t)t ( 2, b)

Ny My

- L.

b Yoi * 3pi * *pi
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“or a magnetic source the axes are given by

-~ AA

(X on)n + (=X _*t)t + (-x_+b)b
Xprmn + (=xpet)t + (-xob)

A
) S

R
ok
=

N
I

. ) . . . -~ .AA
E z, nzn (zp t)it 4 (zp b)b

<
)

pi = Zpi X *pis
where xp, Y. zp are the unit vectors of the source coordinate system

axes and xpi, ypi’ Zpi are the unit vectors of the source image coor-

dinate system,

FLOW DIAGRAM

Subrout tne IMDIR{VINAG,VSOURC,MP)

INPY™ VARIABLES
Mp pl. =« reflection occurs
VSOURC  x,y, sonents defining the source
coordinate system axes directions in
refecence coordinate system components

OUTPUT VARIABLES
VIMAG  x,y,z components defining the suudrce
image coordinate system axes directions
in reference coordinate System componencs

l Set K =1 (xp axis transformation{J

Ljransform dipole axis to plate ccordinate syst-;n—'}.—-»-—q

l

{ Calculate image axis direction !

Transform image aris direction baci <o reference
coordinate system

R e
Set K=3 (z

No__ 1 axis trans® [
formation)

Yes

Toke ¢ross product of z_ and x, axes to
obtain Y axis divect dh
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SYMBOL DICTIONARY

« K=1 COKHESPONDS TO XP AXIS TRANSFORMATION,
K=3 CORKHESPUNDS TO ZP AXIS TRANSFORMATION
L INCHEMENTAL VARIABLE

4P PLA1E OF REFLECTION

PB CUMPOMENT OF AXIS IN PLATE PLANE NORMAL TO ETGE

PN COMPONENT OF AX1S NORMAL TQ PLATE

PT COMPONENT OF AX!S PARALLEL TO PLATE EDGE

VIKAG X,Y,Z COMPOMENTS DEFINIMNG UNIT VECTCRS OF THE
IMAGE SOUKCE COORDINATE SYSTEM AXES IM RCS

VSOURC X,Y,Z COMPOMENTS DEFINING UNIT VECTORS OF THE
SOUKCE COORDINATE SYSTEM AXES [N RCS

VX
vY X,¥, AND Z COMPCNENTS OF AXIS UNDER
vZ TRANSFORMATIGN IN RCS

i. ) I,, é i : .» ‘l ! i &‘

i

CODE LISTING

-~ 1 C- —
. 2 . SUBROUTINE IXDIR(VIMAG,VSOURC, P}
s S
4 C11Y DETERMIMES DIRECTION OF IMAGE SOURCE COORDIMNATE
N 5 Ctil SYSTEM FOR PLATE #MP.
: & DIMENSICN VIFAG(3,3),VSQURCL3,3)
7 COLMONZEARP/Z 1M  H HAN
= 8 COMSON/CEOPLA/X(14,6,3),V{14,6,3),VP(14,6,3),VN(14,3)
Y 2, MEP(14) MPX
- lp CHIY [MAGE X AND Z DIPOLE AXES
1t DO 15 LL=1,2
R 12 L=LL-1
13 K=1+2%L
. la CHED THANSFOR'Y AXIS TO SPLATE COORDINATE SYSTEM
: 15 VX=VSOQURC(K, 1)
. to VY=VSOURC(K,2)
- 17 VZ=VSOQUKC(K,3)
16 PN=VX*VH (4P, 1) +VYRVN(MP, 2) +VZAVN(UP, 3)
. Iy PT=VXAV(MP 1, 1)2VYRV(MP, 1,2)+VZRV(¥P,!,3)
; 2¢ OB=VXRVP(HP, 1, FI+VYRVP P, 1,2)4VZRVP(KP, 1,3}
21 Civy FIND IMAGE AXIS
- 22 IF((IK+L)Y. EQ.Y) GO TO 1@
23 PN=-PN
. 24 GO TO 2¢
¢ 25 PB=~pQ3
20 PT==PT
27 26 CONTINUE
. 26 C1Y! TRANSFORM IMAGE AXIS BACK TO REFERENCE COORDINATE SYSTEM
] 2Y DO 15 N=1,3
i 30615 VIMAG(K 4 N)=PH* VN (MP, N)+PTxV(MP , 1 ,H)+PRAVP(Y4P 1 N}
31 Citt TAKE CROSS PRODUCT OF Z AND X AXES TO OBTAIN Y AXIS
32 VIMAG(2,1)=VIMAG(3,2 )%VIMAG( 1, 3)=VIMAG(3,3)*VIUAG(1,2)
1 33 VIMAG(2,2)=VIMAG(3,3)%VIHAG( 1, 1)=VIMAG(3,1)2VIMAG(I,3)
! 34 VIMAG(2 ¢ 3)sVIHAG(3, 1 Y*VIMAG( 1,2)=VIMAG(3,2)*VIMAG(L, 1)
! 56 RETURN
30 END
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INCFLD
PURPOSE

To calculate the far-zone electric field transmitted by the

source in a given direction with phase referred to the reference
coordinate system origin.

PERTINENT GEOMETRY

~—?N

X SOURCE LOCATION

Figure 79--Geometry for source radiated field.

XS = source location = X XS(1) + y XS(2) + Z XS(3)
D = propagation direction unit vector = X D(1) + § D(2) + 2 D(3)
METHOD

The direct field from the source incident upon the far zone

observation point is found by adding the far field phase factor eJkﬁ X
to the source pattern factor. The existance of the field is first
tested by checking if the ray from the source to the observer is
shadowed by a plate or cylind»~. If it is shadowed the field is
set to zero. If it is not shadowed the field is given by

. -jkR

i - A A €
E'(r,0,¢) = Nm(ETH6+EPH¢) e

- JkR
The factor E’R"” and source weight (wm) are added elsewhere in the
code.
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FLOW DIAGRAM

INCFLD {ETH,EPH,LSOR)

INPUT VARIABLES
LSOR  set true if plates and cylinders
are to be ignored (source fields only)

OUTPUT VARIABLES
ETH theta component of transmitted E-field
in the RCS with phase referred to
the origin
£PH hi component of transmitted £-field
n the RCS with phase referred to the
origin

Does
ray hit a cylinder?

No

Goes
ray hit a plate?

o

Compute source pattern
. factor

Compute factor to refer
phase to RCS origin

Compute theta and phi components of
radiated field in RCS

ETH=0
EPH=0

l Return l
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SYMBOL DICTIONARY

D X,Y¥,Z COMPONENTS OF RAY PROPAGATION DIRECTION
IN RCS

EPH E-PHI COMPONENT OF SOURCE FIELD

ETH E-THETA COMPONEMT OF SOQURCE FIELD

LHIT  SET TRUE IF RAY HITS PLATE OR CYLINDER

PH COMPLEX PHASE CONSTANT (USED TO REFER PHASE TO
RCS ORIGIN)

PHSR  PHI COMPONENT OF PROPAGATION DIRECTION IN RCS

THSk  THETA COMPONENT OF PROPAGATION DIRECTIOM IN RCS

CODE LISTING

1C -
2 SUBROUTINE INCFLD(ETH, EPH, LSOR)
3cun
4 C1ll COMPUTES THE DIRECT FIELD FROM THE SOURCE WITH PHASE
5 Cl11!  REFERRED TO THE ORIGIN.
6 Ciit
7 COMPLEX ETH, EPH, PH,CJ,CP14,EX,EY EZ
8 LOGICAL LSOR,LHIT
v COMMON/SORTNE/ZXS (3), VXS(3,3)
1o COMMON/PIS/PT,TPI,DPR, RPD
1 COMMON/DIR/D(3), THSR ,PHSR, SPS, CPS, STHS,CTHS
12 COMMON/COMP/CJ ,CPI 4
13 COMMON/THPHUV/LT (3) ,DP(2)
14 IF(LSOR)GO TO 1
15 Cltt  DOES RAY HIT A CYLIMNDER?
16 CALL CYLINT(XS,D,PHSR,DHIT,LHIT, .FALSE.)
1o IF(LHIT) GO TO 12
18 C1!t DOES RAY HIT A PLATE?
iy CALL FLAINT(XS,D,DHIT,3,LHIT)
20 IF(LHIT) GO TO 12
21 CYY! IF RAY DOES NOT HIT ANYTHING, COMPUTE SOURCE FIELD
22 C!!!  PATTERN FACTOR
23 1 CALL SOURCE(ETH, EPH, EX,EY,EZ,THSR, PHSI?,VXS)
24 C11! COMPUTE PHASE FACTOR

25 PH=CEXP(CJ*TPI*(XS(1)*D(1)+XS(2)*D(2)+XS(3)*D(3)})

26 Cl11 COMPUTE THET? AND PHI COMPONENTS OF RADIATED
27 C!YY FIELD IN RCS

28 ETH=PH*ETH

29 EPH=PH*EPH

58 RETURN

31 12 ETH=(0.,0.)

32 EPH= (. @)

39 RETURN

34 END
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NANDB
! PURPUSE
. To calculate the unit vectors for rq%% normal and tangent to
: the elliptical cylinder at a given point (in x~y plane) defined
s by elliptic angie VR,
7 PERTINENT GEOMETRY

&t
-

§ T
; 8
! ! XC—"
.
7 ot A

Figure 80--I1lustration of unit vectors tangent and
normail to the cylinder.

A

. UT = X UT(1) + § UT(2)

: ON = % UN(1) + § UN(2)

iy R N

i XC = x A cos(VR) + ¥ B sin{VR)
;
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METHOD

For the point cn the cylinder defined by the elliptic angle

VR, the unit normal vector is given as

N = X B cos(VR) + § A SIN(VR)
~/B2 cosZ(VR) + AZ sinZ(VR)

and the unit tangent vector is given by

0 = -X A sin{VR) + ¥ B cos(VR)
sz cosz(VR) + A sinZ(VR)

as shown in Figure 80.

FLOW DIAGRAM

NANDB(UN,UT,VR)

INPUT VARIABLE
VR elliptical_angle defining point on
cylinder (XT) for which normal and tangent
unit vectors are to b2 calculated

QUTPUT VARIABLES
UN  x and y components of unit vector normal
to cylinder at point XT in RCS
UT  x and y components of unit vector tangent
to cylinder at paint X in RCS

I

[E;lculate unit normal and tangeﬁzgl

l Return ‘

SYMBOL DICTIONARY

X AND Y COMPONENTS OF UNIT VECTOR NORMAL TO CYLINDER IN RCS
3¥ X AND Y COMPONENTS OF UNIT VECTOR TANGENT TO CYLINDER IN RCS
VR ELL ANGLE IN ERCS DEFINING THE POINT ON CYLINDER FOR WHICH

NORMAL AND TANGENT UNIT VECTORS ARE TO BE CALCULATED
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] CODE LISTING
]
v
1 C
. g ci SUBROUTINE NANDB(UN,UT,VR)
5 ‘4 C11Y COMPUTES MORMAL AND TANGENT VECTOR AT ANGLE VR ON THE
ax 5 Ct4t ELLIPTIC CYLINDER.
6 Ccril
3 1 DIMENSION UN(2),UT(2)
3 8 COMMON/GEOMEL/A,B.Z2C(2), SNC(2) ,CNC(2),CTC(2)
. v DN=SQRT(A*ARSIN(VRI*SIN(VR )+B*BxCOS{ VR )*CQS(VR))
l¢ UN(1)=B*COS(VR)/DN
il UN(2)=AxSIN(YR)/DN
7 12 UT (1 )==UN(2)
3 13 UT(2)=UN(L)
bk 14 RETURN
15 END -
i
1
!
.
‘s
.-
L
i
{
¥

St manrry
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QuUTPUT
PURPOSE

To output various representations of the computed fields on the
line printer.

METHOD

This subroutine outputs varidus representations of the fields
on the line printer for a convenient analysis of the data calculated
for a given pattern computation. The fields are represented in com-
plex form, magnitude and phase, normalized and unnormalized, and in
decibels. If the far field range is specified the fields are output
in volts/meter. If no range is specified the fields are given in
volts/unit., If the power radiated is specified the directive gain
is given. If it is not specified the radiation intensity is output
instead. Also, the major and minor components of the total fields
are given, as well as the axial ratio and tilt angle of the polari-
zation ellipse. Complete details of the output presentation are given
in the User's Manual[8].
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FLOW DIAGRAM

QUTPUT(ETHETA,EPHI ,LCNPAT, TPPD,NBN, NEN , NSN)

INPUT VARIABLES

LCNPAT a logical varfable:
set true if the pattern cut is taken holding
theta constant and varying phi,

ot

T set false if the pattern cut is taken holding
: phi constant and varying theta
. TPPO  the pattern cut angle which is not varied

NBN integer angle variable defining the starting
point for the pattern angle to be varied
- NEN integer angle variable defining the final
point for the pattern anale to be varied
. NSN ‘nteger angle defining the increment aagle
size used in computing pattern angles.

OUTPUT VARIABLES
ETHETA gcmqlex array containing the £-theta
ield
EPHI complex array containing the E-phi
field

FOSTNPIY

Y

[Set up constant parameteff]

Qutput E-theta component
of fields

Qutput E-phi component
of fields

Qutput total field
represeatation

l Return I

S
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SYMBOL

AXKAT
EDIF2
EMAJ2
EMIN2
EPHA
EPHDB
EPHDBN
EPHI
EPHM
EPHAN
EPHMR
EPHMX
EPHPS
EPHkK
ETDIHD
ETHA
=THDB
ETHUBM
ETHETA
E1HM
EThMN
ETHMN
ETHMX
ETHPS
ETH#h
ETCTZ
ETCIN
FACP
FACPUE
FRANG
GLUKH
GMES
GMIN
GTUL
GTCTN
[
M
[MAX
LUNPAY

NDL
NBN

NEM
NE

NSt

PHl
HANCL
STILTS
I'Ht
TILIA
TIL
18ED

DICTIONARY

AXIAL RATIO OF POLARIZATION ELLIPSE

COMPUTATIONAL VARIABLE

MAJUR AXIS RADIATION INTENSITY #2%Z0

MINOR AXIS RADIATION INTENSITY *2%Z0

PHASE Or EPHI

E~PHI DIRECTIVE GAIN OR RADIATION INTENSITY
NORMALIZED E-PHI GAIN OR INTENSITY

COMPLEX ARHAY CONTAINING THE E-PHl FIELD

MAUNITUDE OF EPHI

NORMALIZED E-PH! MAGNITUDE

MAGN{TUDE OF EPHM WITH RANGE FACTOR

MAXIMUM MAGNITUDE OF EPHI

PHASE OF EPHR

EPHI WITH RANGE FACTOR INCLUDED

MAXIMUM MAGNITUDE OF THE RADIATION INTENSITY#2+Z0
PHALE OF ETHETA

E-THETA DIRECTIVE GAIN OR RADIATION INTENSITY
THE1A NORMALIZED GAIN OR INTENSITY

COMPLEX ARRAY CONTAINING THE E~-THETA FlELD
MAGNITUDE OF ETHETA

NURMALIZED E-THETA MAGNITUDE

MAGNITUDE OF ETHM WITH RANGE £ACTOR

MAXIMUM MAGNITUDRE OF ETHETA

PHALE OF EThR

ETHETA WITH RANGE FACTOR

RADTATICN INTENSITY TIMES 2+Z0

NORMALIZED) GAIN OR INTENSITY

GAIN OR INTENSITY FACTOR

FACP IN Db

RANCE FACTOh

COMPUTATIONAL VARIABLE

MAJCR AXIS DIRECTIVE GAIN OR RADIATIGCN INTENSITY IN DB
MINLR AXIS DIRECTIVE GAIMN OR RADIATION INTEMSITY IN DB
DIRECTIVE GAIN OR RADIATIONMN INTENSITY IN DB
NOWMALIZED GAIN GR INTENSITY IN DECIBELS

DO LCUP INDEX

INTEGEr VALLE OF ANGLE BEING VARIED

NUMBEKR OF LINES 70O BE OUTPUT BETWEEN SPACING
LOGICAL VARIABLE RELATED TO THE PATTERN CUT TAKENs
LCNPAT=THUE IF THETA 1S FIXED AND PHI 1S VARIED, AND
LCNPAT=FALSE IF PHI IS FIXED AND THETA IS VARIED
OHE PLUS NBA

Ali INTEGER DEFINING THE STARTING POINT OF PATTERN
MIGLE TO BE VARIED

GiE PLUS NEM

AN INTEGER DEFINING THE ENDING POINT OF THE PATTERN
AIGLE WHICH 1S VARLED

M INTEGER DEFINING THE INCREMENT IN THE PATTERN
ANGLE WHICH 1S VARIED BETWEEN STARTING AND END POINTS
FIXED PHI ANGLE

LANCE PH'SE VALUE

St OF TILTA

FIXED THETA ANGLE

TILT ANGLE CF POLARIZATION ELLIPSE IN RADIANS

TIL: ANGLE IN DEGHEES

TiHE FIXED ANGLE DEFINING THE PATTERN CUT
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1 CODE LISTING
¥ [
i 2 SUBROGUTINE OUTPUT (ETHETA,EPHI ,LCHPAT.TPPD NBN JEN NSH )
KO NN
e 4 Ci11y TiHIS SUEHOUTINE IS USED TO QUTPUT E=-THETA AND E-PHI
5 LI PATIEKN DATA OM THE LINE PRINTER. IT IS OUTPUT WITH
l 6 (110 EACH PAYTERM CALCULATION AL A PRINTED RECORD OF RESULTS.
70t
-] COMPLEX ETHETAC)),EPMIC1),ETHR,EPHR, FRANG
L LOGICAL LPRAD,LRANG, LCNPAT
e CUHHON/ZCUTPTI/LPRAL, LRAMG, PRAD ,RANG, 11
3 11 CuMdoN/PIS/PI,TPL, DPR RPD
ub 12 vt FORMAT IH 't"ﬂ"“”t*i*t*i'”ﬁﬂ“ﬂﬂ”“ﬁﬁ”"ﬁ“h
PAAY
T RERRAN AR AR IR AR P RRR LA AR AR 2 S DA SRR IE AR RN AW Ik b b S A
o ES R 23, ]
14 2% /17)
. | T FOMMAT(ZA 2 hdsranan PRrdRRe & * PHRhike dhdddAe -
1o 2 AARRAWRE * Whhhded AR ERY SRARNRY ANTRRE @ t 24
i
¥ 17 182 FORHAT(3X,’» 4 * * » * * e
: it S * * * w * * » » * w’
. ; R
Iy 3 F-Ul:NA‘l"-x ’n * » * » T w
- 24 2 * * » * - - *h w
21 ;-.)t PORMAT(CX 7200t d v - ShhRred dedtwrd - *
*
<l l ARNRNE  B® » ) » itk detee ¢ & #
)
23 15 FOMRAT(IN,’% » » - » » cedded
*
24 P » AW IRR * - * - » Y - W
)
PLERTT FOREAT(3) 7> * » . e * »
k]
20 2 w * . » » . - . * *el
2% ‘Is»': FORIIAT (2 /o esenne - * " kdedee - »
3
b by » . » » * haetRy ¢ * 8 [ 4
177)
2y et FORXA, (3X,7 evenuer wpoted @ ' Coven
3 3 e uReE . SIRAEE® AP NeEe ShddeRY SREPEE @ .
‘)
31 M2 FORMATLIX,’w » . » - .
k-4 P * . *w - . . » > "o [ 4
)
ve ¢Wd rURIATIIY,?® » . e - *
e 2 . *« ¢ @ - Y . - t e e e
3% éu‘-c FORYAT( 0, 7900088 cee 40se8e  t0ORPR e -
30 & seqNed @ [ [ - NEEWE WweRRNE @& ¢ e’
3T WS POIC ATIZX,?e . . * *
su ] - sendene - - * - - - . o
Iy o8 PORNATLIX, e . . * . _ -
TN - - . [ [ * [ -« [ N <
}
a1 ST FONMAT (JX,” veaneve . . " tewes
9y é « - - * - *HONEOR o * e *
’
& 214
€4 1500 FORCAT(? THE ¢IELDS AR: REFERENCED TO THE SATIERN cownwrso
&Y &¢ SYSiEr? z72)
<6 151 FOSUT t1h o 2 PUSRORVALIZERR , 15X, 7 YORMALIZFD?)
| 28
N
Z .




<% 152 FORMAT (6X,*THETAZ ,9X,’PHI”, 16X, ’E~- PHI’.I4X 7OHASE”, 7X,

4y . ”hACN!TLDE’ «Xx,”DR GA1N’,6X,'MArn17unpl 7X, ’DB')

4y 152 FORAAT (6X ’TH’TA’.bX.’PHI’ lSX.’F-TF“TA’ I3X ’PHASE” ,7X,
Hé ) “'MAdeTLDF' 4X,7DB GAIN’Z ,6X,2MAGNITUNE, 7X.'DB’)

S oLy FORMAT (6X ’THETA'.QX.'PHI’.lSX 'E-THETA’ I3X,'PPASE'.7X.
bHe “"AGuITUDE'.CK /DB INTEN.” ,5X,?MAGHNITUDE?,7X,”DR*)

L3 ibo FORUAT (0X,*THETAZ ,9X,7PHIZ , 16X ’E-PHI',IAX.’PHASE’ T,

S ”’H:GNI;LDE’.VY ’DB IN:FH ’.SX 'MAFNITUFE' TX,#DB”)

Py Ihd FORUAT (2(3X % ===’} 3X, P

50 2,'—--------—’,JX ? e v men mem P ‘7(3\(‘1_------—-—-1.

Y Qe ’73/) ;

BILNNGY ¢ FORIMAT (1)

P LAY FORISAT C1HEe)

[STRRR N 4 FORMAT (3SX,Y(F12.5,3X))

ol el POK\Ax(’(JY F12.5),2(2%,E11.5),3X, Fla. S.2X.E11,5,3(3X,F13.5))
ol Lt SET Up LONQTP”TS

[ NB)V=MBH+

(X3 NEU=NEH+1

A2 [FCLCHPAT)Y THI=TPPD

X FrANG=CMPLA(T, 0.}

] [+ CIOTWLRANG) GO TO 609

Lo RANGL=RAVG/ZFL=AI NT (RANG/ZVIL)

ey FirANG= CL\P((PPlX(n..-TPI*HAVGL))/PANG

Ti oL CONTINUE

Y 'FAL°'I./(240 »*Pl)

TF(LPRADY FACP=1./(60.%PRAD)
FACPIB=10,*RLOGID(FACP)
ETHMX = EABS(ETHETAC1))
EPUMX = EABS(EPHIC1)) ;
ETOT Y =ETHY X *ETHMX+EPHM X *EPHMY !
OV T = NOMGIEMJNSH i
ETHY = EABS{ETHETAC(I)) H
I+ (ETHM JGT. ETHMX) ETHMX = ETHM
EPHM = EABRSCEPHI(I))

0~ b ormtadmlatot o
LY glife ARNE N BN 5.l JUN SR (SRR

el IF (EPHM .GT. EPHMX) EPHMX = EPHM
gl ETOT2=ETHA*ETHM+EPHMXEDHN
B IF(ETOT2.GT.FTOTMX) ETOTMX=ETOT2
64 i CONTINUE ;
£C Uty CUTIPIYC E=-THETA REPRESENTATIONMS !
ce VHITE(S,240)) ;
87 hWhlll(o, 160) ;
¢4 WRITE (0,180) !
by VIRITE (e, 1(¢1) !
Y HWHITE (¢,1902) !
w1 WHITE (o0, 103) i
v WRITE (¢,104)
$3 PRITE (C,105)
74 VRITE (o,1¢6) ;
L -} SHITE (€,1¢7)
YO FHITE (G, 156)
v WHITE, I51)
vb =~ (LPHAD) YRITE (6,153)
LY IFC.NOT.LPRAD) KRITE(S6,155)
RN wWITE (0,154)
11 LAAX= 102G+ | _
12 PO 2 1 = [I1BM NEN NSN i
13 [Me]=]) ;
I [ (LCIPATY PH] =]
vy Ir(LCiPALY GO TO 25
I o el 67,140 GO TO 24
fe % DL
vy '.HI-“‘-
vy g TH Y
Ity 4 SRR RUNUIT SN ITEIN
(B [Pl el e 3660, DT =300,
e AR RTCIAES N
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[N CONT 1IUE

Hie ETHIc=ETHETAC 1) *FRANC

iy ETHY = LARSCETHETA(I))

e ETHUK=ETH 4/RMIC

113 ETHPS = bPk*BTAHZ(AINAG(ETPR) REAL(ETHR))
] STHRE = 21, *ELOCIU(ETHM)+#ACPDP
iy : ETHMY = ETHMZETHMX

12w ETHLUGH = 20.*BRLOGIW(ETHMN) ;

121 Ir (] CGT. IMAX) IMAX = [MAX+I13%*NSN
122 WRITE (0,501) THI,PHI,ETHR,ETHPS ,ETHMR ,ETHDB ,ETHMN ,ETHDBM
125 IF (I JEQ. IMAX) WRITE (6,4()
124 2 CONT INUE ;

125 Y QUTPUT E-PHI HEPRESENTATIOMNS |

ico . WRITECo, 100) !
127 WRITE (o, 12a) ;

leb WHITE (¢,3¢0) ;

ey Wi ITECS, 1Uw)
§3u: WRITE (o4 108)
121 WHITZ (e,2¢1)

152 brllE (0,202)

123 witiTE (0,283)
154 VRITE (0,204)

124 WRITE (6,2¢5)

12¢ WRITE (6,206)
137 nITE (0,2¢7)

b HRITE (0,i5%0)

12¢ WHITE (6,151)

fag IF(LPRAD) WRITE (6,152)

141 IFC.NHUT.LPRAD) KRITE(6,1506)

142 WHITE (0,154)

145 IMAX=1uHSN+ |

id4 DO 3 1 = NEM,NEM,NEN

14Y [M=]~-1

140 IF(LCNPAT) PHI=IM

147 IF(LCHPAT) GO TO 35

l4b IFC(IM.GT.18:) GO TO 34

lay PHI=TFPD

1b¢ THI=IM

151 GO TO 3%

152 4 FHI=TPPD+i8L.

153 IF(PHI.GE.30¢.) PHI=PHI-36F.

1%4 THI=300~1}

125 5 CONTINUE

%o EPHI(=EPHI (1) *FRANG i

157 EPHM = LAUBS(EPHI(I)) :

Ioy EPHMR=EFHU/RALG

15 EPHPS = DPh*EfAhZ(ﬁIHAG(EPPQ) REAL(EPHR))
log EPHDB = 29. *FLOGIu(EPH“)+FACPDR
lol EPHNN = EPHM/EPHUX ;

lu2 EPHDsH = 2¢.+BLOGIA(EPHM}!) ;

105 Ir (I JOT. IMAX) IMAX = IMAX+I#NSN
l6e WRITE (6,5¢1) THI,PHI,EPHR ,EPHPS,EPHMR ,EPHNR ,EPH M ,EPHDBN
oY IF (I EC. [RAK) VWRITE (6, 400)
leo COUMTI}MUE

le7 ¢ttt QUTPUT TCTAL FIELD REPRECCNTATIONS
oo WRITLE (c, ) H

ley LHITECH, 1) ;

174 FRITECD, 2142 :

17 vhlnl(o.lcv)

he WRITHCO, 1Y)

i [FO_PHADY HRITE(A,3001)

1

4 v FOKYATC?2 TOTAL DINFL1IVE GAIH IN DB 2277

) TFCNOCLLPRAD)Y WRITEGS,303) |

o 53 FORBANTC? TOTAL RADIATION INTENSITY IMN DB.2/2/77)
b nkICe  15¢)) ;

] TECLPRAD)Y WRITE(0,392)
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el oG R gl et bl i A aciar 44 - - - e U

T ORTRRATTRO - o — ) ST ; . e et

Piy 2 rURRAT(OX,?THETAZ,9X,7PHIZ ,9X. ?MAJOR? ,8X ,” MIMOR” , 7X

13¢. 24°TILT ANG? 44, 2AKTAL RATIOZ ,2X,’TOTAL GAIN’,4X,/*ORY GAINY)
1ol I LUTLPRADY WRITE(6,374)
162 w4 fORHAT(oX.'THETA'.9X.'PHI'.9X.'MAJOR'.8X.'MI"0R'.7X
162 2?TILT NG’ ,aX 2 AXIAL RATIO? 2X,’TOTAL INTEN,”,2X,’MORM*
184 24 INIEN.”)
165 [MAX=Tu#bSH+1
i6e DO 4 [=NbMNEM NSH
187 lid=]=}
It IEC(LCHPAT) PHI=IM
ey [F(L.CHPAT) GC TO 45
[£°2W IF(IN.GT.lEC) GO TO 44
141 PHI=TPPD
142 THI=IX
192 GO TO 45
164 44 PHI=TPPD+150.
(R34 IF(PH] .Gk, 368, ) PHI=PHI=-360,
1%0 THI=369-1M4 )
197 «5 COMT IMIIE
148 ETLIM=BALS(ETKETA(L })
19y EPHM=BALS(EPEI(]))
P{T% ETOT2=ETIM*ETHM+ EPHMALE PHHE
201 GTUT =11, #BLOGI B(FACPHETOT2)
262 ETOTH=ETOT2/ETOTHX
23 CTOTHN=1¢ . *BLCGIO(ETOTN)
204 [FCI.GCTIMAXY IHAX=IMAX+1A=NSN
cLh EPHAuBTANZ(A§MAG(EPHI(I)).REAL(EPHI\I)))
2¢o ETHA=BTANZ (AIMAG(ETHETACI ) ) ,REALCETHETA(L)))
27 GLURGA=2 .*EPFM*ETHA*COS({ EPHA~ETHA)
2uh cDIF2=ETHN*ETHRN=EPHM*EPHH
26y TILTA=.5%BTAN2 (GLURBA,EDIF2)
2t TILID=DFR*TILTA
211 STILTA=SIN(TILTA)
212 EMAJ2=~EDIF2*xSTILTA*STILTA+GCLURBA®ST 1. TA*COSITILTA )+
PAN ZETHM*ETEM
214 GHAJ =10 *BLOGH(A{ EHAJ2)+FACPDB
21% CAIM2=EDIF2%STILTA*STILTA-GLURRAXSTILTA*COS(TILTA)+
2o 2cPHE xEPH
217 G IN=iI. *BLOGI(EMIN2)+F ACPDB
2185 AXHAT=SURT (ABS (E]127EMAJ2 1)
21y WEITE(6,500) THI PHI,GMAJ,GMIN,TILTD,AXRAT,GTOT,GTOTN
221 IFCIVEOJIMAX) WRITE(6,400)
221 4 CONTINUE
222 WRITiL (0, 1€2)
222 JRITEC 6, 10083}
224 RETURY
225 END
284
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PATROT
PURPOSE

To convert pattern angles from pattern cut coordinate system to
reference coordinate system representation.

PERTINENT GEOMETRY

o>

N

»
v
<

X

Figure Bl--11lustration of propagation direction D and reference
and pattern-cut coordinate systenms.

Eq,
b 2,
ALR
Y ¢
. Eg apc

Figure 82--I1lustration of polarization rotation angle ALR.
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METHOD

The observation direction is defined in the pattern cut coordi-
nate system as

A~ ~

D = cos(PHPR)sin(THRR)x, + sin(PHPR)sin(THPR)§p + cos(THPR);p.

This is converted into the reference coordirnate system as

A A A A A A A A A A

D = (Dex)x + (Dey)y + (De2)z
or
D = cos(PHR)sin(THR); + sin(PHR)sin(THR)§ + cos(THR)z.
The polarization conversion angle is given by
o+
ALR = tan'1 i LA,
6, .6
pc

so that after the scattered fields are computed they can be converted

back to the pattern cut coordinate system using

- — -

EepC = Ey cos(ALR) + E¢ sin(ALR)

G £ si +E ALR
E¢pc = -Eg sin(ALR) b cos(ALR) .
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FLOW DIAGRAM

PATROT (THR,PHR,THPR,PHPR,ALR)

INPUT VARIABLES
THPR  theta component of propagation direction
in pattern-cut coordinate system
PHPR  phi component of propagation direction
in pattern-cut coordinate system

CUTPUT VARIABLES
THR the;a component of propagation direction
fa RCS
PHR phi component of propagation direction
in RCS ALR polarization rotation angle

such that
a -
Bgpe * Eg COSIALR) + E, sin(ALR)
Bype = ~Eg SIn(ALR) + E, cos(ALR)

Calculate propagation diraction in reference coordinate
system (x,y,2) components

Calculate theta and phi components of propagation
direction in RCS

| Calculate ALR I
| Return [

YMBOL DICTIONARY

wLR
CPH
CPHP
CTH
CTHP
PDTP
PHPR

PHR
RODX
RDY
RUZ
SPH
SPHP
STH
STHy
e
IHPK

THR
X

TY
T2

POLARIZATION ROTATION ANGLE

COS(PHR}

COS{PHPR)

COS(THR}

COS{THPR)

COMPUTATIONAL VARIABLE

PHI CUMPONENT OF PROPAGATION DIRECTION IN PATTERN
CUT COORDINATE SYSTEM

PHl COMPONENT OF PROPAGATION DIRECTION IN RCS

éég.AND Z COMPONENTS CF PROPAGATION DIRECTION IN

SIN(PHR)

SINC(PHPR)

SIN(THR)

SIN(THPK)

COMPUTATIUNAL VAR ABLE

THE1A COMPONENT OF PRUPAGATIOH DIRECTION [N
PATTERN CUT CUORD SYSTEM

THETA COMPOREN] OF PROPAGATION DIRECTION [N RCS
Xy Y, Z COMPONENTS OF THETA POLARIZATICH UNIT
VECTOR UF PATTENN CUT COOHDINATE SYSTEN

IN RCS COUPUNENTS
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CODE LISTING
i C —
g . SUBROUTINE PATROT(THR, PHR, THPR,PHPR,ALR)
2 i
H Y HOTATIOM OF PATTERM ANGLES FROM PATTERM AXES (THP, PHP)
6 CltY TO REFEKENCE AXES (TH,PH). NOTE THAT ALR IS DEFIMED BY#
700 E=-THETAP=E-THETA®COS(AIR )+E=~PHI®*SIN( ALR)
g Cctit E=PHIPa=E=-THETA*SIN(ALR)+E=-PHI*CQS (ALR)
y CcHit
g CcLit
11 LOGICAL LDEBUG,LTEST
12 COMMON/TEST/1LDEBUG,LTEST
13 COLMON/FIS/PT, TPI, DPR,RPD
la CONMON/ZPATDAT/ZXPC(3) ,YPC(3),2ZPC(3)
1% THP=SIN(THPR)
o CTHP=COS(THPR)
17 SPHP=S[} (PHPR)
185 CPHP=COS(PHPE)
1y C11Y CALCULATE PRCPAGATION DIRECTiOM IN REFEREMCE COORDINATE
2v ol SYSTEN (X,Y,Z) COORDINATES
21 RDX=STHP*CPHP* XPC( 1 ) +STHP*SPHExYPC (1 )+CTHP*ZPC(1)
22 RDY=STHP*CPHP*APC(2 ) +STHPxSPHP*YPC (2 )+CTHP*ZPC(2)
23 RDZ=STHP*CPHP*XPC( 3) +STHP*SPHP*YPC (3 )+CTHP*ZPC(3)
26 SQN=SQR1 (RDX*RDX+RDY*RNY
25 €11t CALCULATE THE AND PHR
20 THR=BGTAM2(SQN,RDZ)
23 PHE=BTAN2(RDYRDX)
2 STi=SIN(THK)
2y CTH=COS(THR)
iv SPii= SIN(PHR)
31 CPH=COS(PHR)
22 TX=CTHP*CPHP*XPC (! }+CTHP*SPHP*YPC( 1) ~STHP*ZPC( 1)
e TY=CTHP*CPHP*X{PC(2 Y +CTHP*SPHPx*YPC( 2} ~-STHP*ZPC(2)
) TZ=CTHPXCPHP*XPC (3 )+CTHP*SPHP*YPC{ 3) =STHP*ZPC( 3)
S CYit CALCULATE ALR
30 TDTP=TX*CTHCPHLTY*CTH®SPH=TZ¥STH
37 PDTP==TAXSPH+TY*CPH
34 ALR=ATAN2(PDTP,TDTP)
oY I+ (.NOT.LTEST) GO TO 1
40 HRITE(6,2)
41 2 FORMAT(/,# TESTING PA{ROT SUFROUTINEZ)
42 HRITE (6,%) THR,PHR, THPR.PHPR, ALR
43 1 RETURN
4 END
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PFUN
PURPOSE

This function computes the p* function for the cylinder's acous-
tically soft diffraction coefficient.

METHOD
The p* function is defined as [14,15]

St et fed g e (i

pr(x) = 2 + B (x) eJ 4
2w
where
N -j 11’/4 .3 o3
7 P(x) = — [ty e ar
av J—ﬂ. -0 & T
7 and V(1) and w are Fock type Airy functions. The p* function is
; computed as fo@1ows
1) for x < -3
- 3
1.1 2 3%2‘ i n/t
p*(x) = 7][ | <1+J —3-) e
2Jux X
2) for -3 <x<?
? (X-Xi)
pr(x) = p*(x;) + 77?:5:;?7 (P*(x44p)-P*(x3)),
where the p*(xi) are tabulated values{l14,15] and xi+1-x1=0.1 with
X; € X € Xgoqe
i= "= "+
3) For x> 2
h
; . jnt6 5 ‘Gt
{ p*(X) = % .8 ): & y
| 2frx  2fr el [AY(-q )]
v where A%(T) is the derivative of the Miller type Air§ function.
|
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SYMBOL DICTIONARY

AMC ~Y.5*CEXP(J*P[/6)/SQRT(P])

AQ DERIVATIVE GF MILLER TYPE AIRY FUNCTION AT Q
C ©0.5/SQRT(PI) '

EXC CEXP(=5%P]/6)

1 SMALLEST IN1EGER CLOSEST TO 10X

Q ZERUES OF MILLER TYPE AIRY FUNCTION

PEUN P FUNCTION

PJ TMAGINARY PART OF TABULATED P FUNCTION
PR REAL PART OF TABULATED P FUNCTION

X ARGUMENT OF P FUNCTION

Kl REAL NUMBER REPRESENTATION OF !

CODE LISTING

Cri
e
crn
Ce

Ot OAT 2 e N~

(o

COMPLEX FUNCTION PFUN(X)
UIMENSICN PK(51),PJ(51)

CUMPUTES THE P FUNCTIOM OF THE CYLINDER’S
DIr+RACTION CCEFFICIENT (SOFT CASE)

COMPLEX AMC,EXC

DIMENSICHN O(5),AQ(5)

COMMON/PIS/P1,TPI,DPk, RPD

DATA AMC,EXC/(=,244313,~3.14105) ,(~0.866025,~23.5)/

DATA C/¢.28209/

DATA 0/2.323811,4,08795,5.52956,6.78671,7.94413/

DATA AQ/C.79121,-0.88311,0.86520 ,~0.91085,08,94734/

DATA Pk‘/-—.kﬁSd. . ‘25.-276. 0399'06’ 2 156(,90605. 16290 -63“. ‘636
244024,.€06,,584,,560,.536,.51C,.487,.4064..444,.425,.408
240393,0379,4367,.357,4347,.358,.330,.322,,314,.307,.299
240292,44284,,276,,268,.259,.251,.242,.234,.224,.215,,206
2,198,180, .18%,,173,.105, .158,, 150, .1 447

DATA P/ .BTY,.840,.769,.678,.577,.48%,,354,,265,.173,.091t
Sy odlY, =043, =, 113,=,139,=,174,-,202,-,224,-.240,~.25]
2.*.2‘27'-.209,,-¢26W.-.256.-.252."-244 .‘0236 .-QZZSQ‘QZ 14
24m o212, = 1Y = o [ TT om0 168 4= 151 ;= 1 3R 4=, 125, =, 1 13,=. | O]

2 .'-‘Wﬂw‘.Irm”.".kﬂ”.-.ﬁé’ .-;253,“0245"05’30“0“32 .'.927
Qe=eM3, =18 ,=.014,=,811,~.010/7

I+(X,LE,~3.)G0 TO

IF(X.GE.2.)60 TO 2

I=¢(3.+X)>1(},)

{I?r%OAT(I)-Sﬂ.

ml+

PEUNaCUPLR (PRI ]) (=PJ(T 1)+ 1A X=X JRCUPLHIPR( [+ )=PR(]),
2=PJ1+1)+PJ(]))

RETURN

PRUN=, 5% 1./ (SORTIPL)RX) #SOHTCARS( X ) JRCELP(CMPLY ™, 1 .e>
SRPIEXAXRX/ 1D ) IRCHMPLXC), (2.7 (XwXnX)))

kb TUKN

Prh=(ity 1) o )

DU 3 Nel H

PEUNSPELN+CEAP (X*Q(N)REXCIZAQ(N) 2A0( 1)

PRUN=DELE® ANCC/X

KETU W

Lly
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PLAINT
PURPOSE

To determine if a ray traveling from a given source location in
a given direction will intersect a given plate (or set of plates).

Note: several modes of operation are available:

J If Mi=-MP then only plate MP is checked (MP>0)
IF MH=0 all plates are checked
- If MH=MP all plates except plate MP are checked.
w'e
{
i
2N




e i s S,

PERTINENT GEOMETRY

SOURCE

LOCATION
R 6
o1

7
7
P \“PLATE MP
”
IMAGE -
LOCATION .~
‘/
Reflection occurs {ray frorimage source nhits plate MP)
SOURCE
LOCATION

PLATE u;f
e

7
r'd
IMAGE
LOCATION
Reflection does not occur (ray from image source does not hit plate NP)

Figure 92--Geometry for determining if reflection from a given plate
occurs.
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SOURCE INTERSECTION
LOCATION —a PO"?T

XT§ .h\\o"lr\y

o>

RAY HITS PLATE, LHIT = .TRUE.

SCURCE
LOCATICH —

XIS

A
0

RAY DOES NOT HIT PLATE, LHIY = .FALSE.

Figure 34--Geometry for determining if a ray does or does not
hit plate.
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’/’MM’:

INTERSECTION ’4’
—
POINT XT ,,'h-\\

foonsmieiaiac

St b

Prare

{a) RAY HITS PLATE ‘ .

9- INTERSSCTION
POINT KT

{b) RaY DOES NOT HIT PLATE
Figure B5--Geometry for deciding whether ray which hits .
' plate plane hits finite plate. :
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METHOD

This subroutine is used for a number of functions:

1.

To determine if a source ray reflection from plate MP occ =s.
If a ray traveling from the source image location in t* ~2-
flected ray direction passes thorugh plate MP, the re :coction
will occur (see Figure 83). The routine only checks :iate
MP (set MH=-MP}. Note that the hit point (which 7: returned
through the subroutine window) is the reflection :uint, and
is used in shadowing tests.

To test to see if a ray is shadowed between scatter points
(or between the source and a scatter pointi. The routine
checks all plates (set MH=0) and records the distance from
the first scatter {(or source) position to the nearest hit
(if the ray hits any of the plates). If the distance to the
nearest hit is shorter than the distance between scatter
points (or between the source and scatter point), the ray is
shadowed, and the GTD term being computed is set to zero.
Otherwise, the ray is not disturbed and computations are
carried out. Note that if the first scatter point is a re-
flection or diffraction point on a plate, all plates except
that plate are checked (set MH=MP).

To determine if ray after final scatter point (or source ray)
is shadowed. If the final scatter point is a cylinder {or

if the source fieid is being computed) all plates are checked.
If the final scatter point is on plate NP, 31} plates except
plate MNP are checked. If the ray hits a plate (LHIT=TRUE)

tne ray is shadowed and the GTD term is set to zero. If
LHIT=FALSE, the ray is nol shadowed and propagates un-
disturbed. :

To determine if any one plate totally shadows plate WP from
the source (referred to as the "total shadowing algorithe®),
The routine checks all plates except plate WP ?set MH2NP )
ard remembers plates which shadow the ray every time the
routine ic called (see section 6§ of sudbroutine GEOM). The
total shadowing algoriths §s activated whea LSTS is set TRUE.

The hit algorithm first tests to see if a ray in the scatter di-
rection will intersect the pldne which the plate lies in by comparing
the signs of the dot product of the scatter direction and the piate
noraal and the dot product of the vector from the source to a corner
of the plate and the plate normal. If & hit is possible the intersec-
tion point on the plate plane fs deterwincd. Whether the intersection

295
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point lies within the bounds of the plate is tested by summing the
- 3 angles formad by the vectors from the intersection point to the various
o corners of the plate as shown in Figure 85. If the sum is zero the

' intersection point does not fall within the bounds of the plate. If
the sum is 2n, the intersection point does fall within the bounds and
the ray hits the plate. (See pp. 38-41, Reference 1).
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FLOW DIAGRAM

PLAINT {XIS,D,0HiT,MH,LHIT)

INPUT VARIABLES

1} x, ¥, ard z components of propagation
direction in referenc? coordinate system

M{ indicates which plates are to be checked

XIS 1z, y, T components af source location in
reference coordinate vystem

LSTS logical varfable: LSTS+TRUE if total shadowing
algorithm is in use (see suhroutine GEOM)

LSTD logical variabla: LSTD{MP)sTRUE if plate WP
shadows every ray tested

QUTPUT VARIABLES
OHIT distance from scurce to nearast hit

- LHIT logical variaple; LHIT=TRUE if rzy nits one
:‘ or more plates
- XIS x, vy, 2 components of point where ray hits

plate in RCS

{only used as output variable when MHQ)
- LSTD logical variable: LSTO(MP)=TRUE {f plate MP
shadows every ray tested

Lﬁ

i NOTE: XIS and LSTD are used both to input ang output
information. LSTS and LSYD are passed through
- common blocks.

Are
plates present}

Yes

Step through plates
variable = MP

If MH<O,
Set Mp=.MH

total shadowing
algorithm is being used,
has plate MP shadowed
every ray tested?
{1f LSTS=TRUE
is LSTD{MP)=TRUE?

No

Yes

297
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A
— does
No - ray pass through
late plane?
Yes
Calculate point where
ray intersects plate plane
is
No /m't point
on plate?
Calculate DART. the distance from source to
hit pcint, DHiTsshortest DHT
~— No
Yes
Calculate hit position (move hit position
an increment towards side of plate which
source lies on), XIS=hit point
[f total shadowing algorithn is
being used, indicate that plate MP
*1 does not totally shadow the source
(1f L5TS=TRUE set LSTD(MP}=FALSE)
Another
plate to be Yes
checked?
No
Return
298
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SYMBOL

AN

CcP

D
DBl
DBT
DHIT

DHT
DN

LHI1
LSTD
LSTS

MEX
MH

MP
MPH
MPP

RD
XIS

XT

DICTIONARY

DOT PRODUCT OF VECTOR FROM EDGE ! OF PLATE MP TO
SOURCE AND PLATE UNIT NORMAL

COMPUTATIONAL VARIABLE

XYy AND Z COMPONENTS OF PROPAGATION DIRECTION
IN REFERENCE COORDINATE SYSTEM

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE

DISTANCE FROM SOURCE TO NEAREST HIT

DISTANCE FROM SOUKCE TO HIT POINT

DOT PRODUCT OF PROPAGATION DIRECTION UNIT VECTOR
AND PLATE UNIT NORMAL

LOGICAL VARIABLE (SET TRUE IF RAY HITS AT LEAST
ONE PLATE)

SET TRUE IF PLATE MP TOTALLY SHADOWS PLATE MH
FROM THE SOURCE

SET THUE IF TOTAL SHADOWING ROUTINE 1S BEIMG USED
DO LOOP VARIABLE

NUMBLER OF EDGES ON PLATE MP

SHOWS WHICH PLATES ARE TO BE CHECKED1®

MH=~MP ONLY PLATE MP 1S CHECKED

¥'=9  ALL PLATES ARE CHECKED

MH=MP  ALL PLATES EXCEPT MP ARE CHECKED

INDEX VARIABLE (NUMBEK OF PLATE BEING CHECKED)
INDEX VARTAELE

DO LOOP VARIABLE

M LOOP VARIABLE

COMPUTATIONAL VARIABLE

X,Y,Z COMPONENTS OF SOURCE LOCATION IN REFERENCE
COORDIN"TE SYSTEM (ENTERING ROUTINE)

X¢Y,Z COMPONENTE OF HIT POSITION (LEAVING ROUTINE)
XyY,Z COMPONENTS OF POINT AHERE RAY INTERSECTS
PLA1E PLANE

299
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CODE LISTING

C=- - - o

SUBROUTINE PLAINT(XIS,D,DHIT MH,LHIT)

DOES RAY RIT PLATE.IF MH=p ALl PLATES ARE CHECKED. L.
IF MH=<kPp THEN ONLY MP CHECKED AND SOURCE POSITION
MOVED TO HIT POSITION IF RAY HITS MP.

IF Ml=MP,THEN ALL PLATES OTHER THAM MP ARE CHECKED,

s v s s o b

- 4 arm b v s
- e s s b

DIMENSION XI1S(3),D(3),XT(3)
LOGICAL LHIT,LPLA,LCYL,LSTS,LSTD

ECELVNOUDLN —
[ ¥ ol o SNl o4

1 LOGICAL LGRND,LDEBUG,LTEST

12 COMMON/TEST/LDEBUG, LTEST

13 COMMON/GEOPLAZX( 14,6,3),V(14,6,3) ,VP(14,6,3) ,VN(14,3)

14 2 MEP(14) JMPX

" COIfON/PIS/P 1, TP1,DPR, RPD

16 COMMON/LPLCY/LPLA,LCYL

17 COEMON/LSHDP/LSTS,LSTD( 1 4)

18 COMMON/HITPLT/MPH -
1y COMMOL/GROUND/LGRND, MPXR

20 LHIT=,FALSE.

21 DHIT=d.

22 1F(.NOT,LPLA) RETURN

25 LYt STEP THRU PLATES

24 L0 ¢ MEP= 1, MPXR

25 HP=UNP

20 IF (MP.EC.4H) GO TO 50

27 IF(MH, LT.¢0) MP=IABS(MH)

28 €1 IF TOTAL SHADOWING ALGORITHM 1S BEING USED, HAS PLATE MP

29 C!'!!  SHADOWED EVERY RAY TESTED?

3 IF(LSTS.AND..NOT.LSTD(NP)) GO TO 6@

31 REX=MEP(MP) {
a2 A=y,

33 DO B N=1,3 -

345 AN=AL+ (XIS (HI=XCMP 1 N )IRVNCMP N)

35 DN=D( 1) =VN(MP, 1)+D (2 )RVN (AP, 2) +D(3)*VII(MP, 3)

50 C111 DOES RAY PASS THRU PLATE PLANE?

37 [F(ANDN.GE.@.) GO TO 54

58 DO 1 Nel,3 ,
5% CU1t  CALCULATE POINT WHERE RAY INTERSECTS PLATE PLANE

40 10 XTGD=XIS(N)=AN*D(N) /DN )
41 1F (4P.E0.APXR. AND.LGRND)GO TO 11

42 DBT=V,

43 111 1S HIT POINT OM PLATE?

44 DO 30 ME=1,MEX l
45 HAE=MES

40 IF(MMEJGT o MEX) MMEsl

47 RD=0.

4y DO 29 MN=1,3

4% 20 RD=RD*(NCMP,ME,N)=XT(N))*(X(MP MME N)=XT (N)) , z
50 CP=VN(UP, 1 Y% ({ X{MP ,ME, 2)=XT(2) )% (X (MP, MME, 3)=XT(3))

51 2~CXCHP HE, 3)=XT( 3) Jw (XCUP, NME, 2)=XT(2) 1))

52 CP=CP+VN (4P, 2) % ( (X (MP ME (3)=XT(3) )% (X{ MP MUE 1 )=XT (1))

43 2= (XCUP KE, ) =XTC1 1 INCX P, MAE, ) =XT(3) 1)

54 CPaCP+VE (MP, 3)%( (XCHPME 1 )=XT (1 1) %( XOHP ,KME ,2)=XT(2 })

55 2= (XCHP ME ,2) =XTC 21 % (X (MP, MKE, ) =XT( 1) ))

56 DBI=BTAN2 (CP,RD)

53 PRT=DBT+NR!

93 20 CONTINUE i
54 IECARSEORT)LLTLPT) GO TO %0

ov: G111 CALCULATE DNISTAICE TO HIT (DHIT=SHORTEST DHT)
ol i DHT=J.

6J DO 44 Net,3 1
3 ey DUT=DHT® (XM I =XTISIN DI R(XT(N)I=XIS(N))
od DHT=SOR'T (OHT )+ 1 E=5
oY e CLHIT AND, (DHT LOT.OHIT)Y GO TO o
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€6 LHIT=,TRUE.

o7 DHIT=DH1

o8 MPH=IiP

oY IF(MH.GE.) GO TO 64

16 DO 45 N=1,3

Cl1l MOVE HIT POSITION AN INCREMENT TOWARDS SIDE OF PLATE
C!!il WHICH SGURCE LIES ON

45 XIS(HY=XT(N)=SIGN( 1 4E=5, ANI*VN(MP,N)

74 GO TO oi

5 H¥ CONTINUE

70 [F(MH.LT+ @) GO TO 61

77 it IF TOTAL SHADOWING ROUTINE 1S BEING NISED, INDICATE
78 Ct!I THAT PLATE MP DOES NOT SHADOW SOURCE

7% IF(LSTS) LSTD(MP)=,FALSE,

86 0@ CONTINUE

8! o1 IF (.NOT.LTEST) GO TO 62

ot ek d i
v

b2 WRITE (6,63}
83 o3 FORMAT (/,7 TESTING PLAINT SUBROUTINE’)
84 WRITE (&,*) XIS

£
fos
U

WRITE (o,*) D

3 86 WRITE (6,%) DHIT JMH,LHIT
kN 87 062  HETURN
t8 END

3

T

§

7

i

i
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POLYRT
PURPOSE

To solve an Mth order polynomial equation.

METHOD

This subroutine solves for the roots of an Mth order polynomial,

M M'] ces 1 Ve
The roots of the polynomial are found using the Newton-Raphson method
of iterated synthetic division [16]. The coefficients are stored

such that CM = CC(M+1), Co = CC(1), etc.
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FLOW DIAGRAM POLYRT{MM,CC,R)
- . INPUT VARTABLES

MM order of the polynomial equation
CC array of complex coefficients of the poly-
nomial eguation

QUTPUT VARIABLES

R array of complex roots of the. polynomial
agquation :

-

IFLAG+0

Q.‘_s"\'ﬂ-‘ i

[ Find and divide out any zero roots J

P

fs
equation first
or second orderl

1

kd No Solve

4 v directly using

Aw linear or quadradic
’ equation

- 1.

;

e [

i Laop through starting points
and search for root #M

- {divide root out of equatior,
) correct root yields (near)
. 2ero remainder) Conditiun coefficients of
. equation and repeat sesrch
1 for root. Set IFLAGa]
-
: No
v Has "
s search yielded sorrect root¥ om—2 IFLAGeY?
. //
3 Yes Yes
[ Write warning ressage _]
- . )
Y
!
e Add root M to list

of roots

Are nare
thaa two roots

§_ Teft}

. o

; Solve last two roots

! with quadradic equation

’ l Retyrn l
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SYMBOL DICTIONARY

C

cC
CMAX
CNEN

CNNW

EPS
ICLNJ

ICCURY
IFLAG

IS
LIKIY
]

M1

M
MP |
MH
a

7
RJ

RJP

-
4

Sk
STAKT
TEST

X[
Xk

RRKING ARRAY OF POLYNOMIAL COEFFICIENTS

A COMPLEX AxRAY CONTAINING THE POLYNOMIAL COEFFICIENTS
MAGNTTUDE OF LARGEST COEFFICIENT

AHRAY CONTAINING COEFFICIENTS OF POLYNOMIAL LEFT

AFTER THE PROSPECTIVE ROOT HAS BEEN FACTORED OUT

ARRAY CONTAINING COEFFICIENTS OF POLYNOMIAL LEFT AFTER

- THE PROSPECTIVE ROOT HAS BEEN FACTORED OUT TWICE

SMALL MUMBER (RELATIVE TO LARGEST COEFFICIENT)
INDEXGFgR TRYING THE CONJUGATE OF THE PREVIOUS ROOT
AS A GUESS

INDEX ON THE NUMBER OF TIMES THE ITERATION PROCEDURE
SEARCHES FOR A RCOT

FLG USED TO [NDICATE IF ALL POSSIBLE STARTING VALUES
HAVE BEEN ThIED

INDEX FOR STARTING VALUES

FAXTMUM NUMEER OF ITERATIONS USED TO SEARCH FOR THE ROCT
OHDER OF POLYNOMIAL BEING WORKED ON

CUMPUTATIONAL VARIABLE

ORDER OF THE EQUATION

MM PLUS ONE

ORDER OF ONCE FACTORED POLYNOMIAL BEING WORKED ON
MAGNITUDE OF PULYMUMIAL COEFFICIENTS

A CCMPLEX AhRAY CONTAINING THE ROOTS OF THE EQUATION
REMAINDER LEFT AFTER PROSPECTIVE ROOT HAS BEEN
FACTOREL OUT

REMAINDER LEFT FTER PROSPECTIVE ROOT HAS BEZN FACTORED
QUT TWICE

PROSPECTIVE RCOT BEING ITERATED

SUUFRE ROOT CF (C(2)#C(2)~4#C(1)#C(3))

AnRAY CONTAIFIHG INITIAL GUESS OF ROOT LOCATIONS
BOUND USED TO OETERMINE IF THE PROSPECTIVE ROOT

HAS CUMNVERGED

L4AGINARY PART OF CC

REAL PART OF CC

[ TS SOLAEERRES
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CODE LISTING

[« S o N RN S

Rall N

¢
ceit
(RS
(R
(RS
ctit
Lt
crid
et
ci
citt
ctit
(M1
et

il
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SUBROQUTINE PCLYRT(MM,CC,R)

IHIS ROUTINE SOLVES A COMPLEX POLYNGKIAL EQUATION.
MM 1S THE ORDER QF THE EQUATION
CC IS A COMPLEX AKRAY CONTAINING THE COFSHICIENTS.
CC(1) 1S THE CONSTANT TERM, CC(2) THE COEFFICIENT OF Z,
Ll S Gn(KM+1) THE COEFFICTENT OF Zwwh.
kIS A CCYPLEX ARRAY IN WHICH THE ROOTS GILL RE RETURIED.
1N THE DATA STATEMENT LIMIT IS THE NUMBER OF CYCLES
WHICH VILL BE ALLONED BEFORE THE SEARCH FOR A
PARTICULAR ROOT IS TERMINATED. TEST 1S TE MAXIUM
INEQUALITY OF THE EQUATION ALLOED NEFORE A ROOT IS
CC L ]

COMPLEX C(21),CC(21),CMEW(21),R(2%),5SR,RT,Y, DY RTP
COMPLEX START(4),CNMK(21),RJ,RJIP
DATA STARTZ{lecla)qlle Ba) lmtay=1,),(~1,,A,)/
DATA TEST,LIVIT/1.E=~05,10%/7

COPY THE INPUT PARAMETERS CC AND MM INTO C AND M,
IFLAG=0

MAP F =M+ )

CHAX=BAES(CC(1 3}

NO v l=i,kMPI

C(II=CC(])

TF(BABSICC(1))+CT.CHMAX) CHAX=BABS(CC(I )
CUNTINUE

EPSal,E-5#CMAX

M= M

1COkJa¢

EIND AND DIVIDE QUT ANY ZERO R00TS.
Q=BABS(C(M+1))

IF(Q.LT.EPS) GO TO 7

Q=BABS(C(1))

IF{0.GT.EPS) GO TO

N0 8 I=l, M

CCI)=CClel)

HEM)=(U, ,0.)

He'l~)

[E M MNEL) GO TO 2

RETURN

DO 3 Nel M

CNI=CLM)IZC{Ne})

CiAMel)m(l, W)

IF EQUATION 1S ST QR 2ND ORDER SOLVE DIRECTLY AND RETURN,
[r(d=2) 5,6,4

RE1Ym=CH 1)

HETUXN

START SEARCH FOR A ROOT.

DO 14y [STAIm]) 4

HT=START([ STAKT)

[rtICUNY L EQL V) RTwCONJGLR ¥e 1))
ICOUNT =0

CHER{M )l ,,0.)

Whimtim|

CRUb{atInt 1., J))

LCOUNT = CQUNT e

fr QoUITLUTLLINETY GO 7O 14t

MY 1Y (w2 N

Hlwgal

CHE(C el ) sCiM]+ )  oRTNCNEN(R]S2)
WimIt 1) el TeCRER(L )

CEBADS (RS2

IFCLELTESTY 0 YO 12

1LY 1e2 BN

viwt-|

365
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Hz

141

14@

LYY

5]
lo

12
1.1

CNNH(MI+5)aCHNERCH] 2 )*RTACNNW(M] +2)
HJP=CNER (! )*RT*CNIK( 1)
RT=HT=-RJ/RJP

GO TO t4

CONTINUE

[FCICONJ.NE.1) GO TO 149
ICOUI=Y

GO 10 24

CONTINUE

IF¢(IFLAG.EQ. 1) GO TO 15
IrLAG=]

DO 9uvd JJ=1 ,HMPI
Xk=REAL(CC(JJ})
XIsAIRAG(CC(JT))
IF(ABS¢AR) .LT.EPS) XR=03,
IFCABS(A]).LT.EPS) XI=@,
C(JJ)=CHPLX{XR XD
CONTHIUE

GO TO 3535

nRITE(S,16) ¥,0

FORMAT( IHO,40H CYCLE LIMIT EXCEEDED WHILE FINDING ROOT,13,

218H FINAL INEQUALITY (F1d.4)

-

cred

CONTINUE

DO 18 I=1 M
Ct1I=CHER( )

ROM) =T

Yal=]

ICONJ=ICONJ+ !
IFCICONJ.GT, 1) JCONJ=®

IF MORE THAMN ThO ROOTS LEFT RECYCLE THE SEARCH.

1¥(4.GT.2) GO TO 4

FIND THE LAST TRO RCOTS BY THE QUADRATIC FORMULA.

SH=CSQRT(C(2)¥C(2)=4.AC() }uC(3))
k€ 1)=t=C(2)+SRI#QA,5/C(3)
HE2)w({=C(2 )=Cu i #T.5/C( 3}

RETUWN
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PRIOUT

PURPOSE

To output field data in standard f- mat: 4 integer indicators
and then magnitude and phase of E-theta ad E-phi components.

METHOD

This subroutine is activated by setting LOUT=,TRUE. When the in-
dividual field components are being printed out, that is when L#1000
and when L#K and J#I, only the fields with |ET|>0 or |EP|>0 are printed
out. A list of the different indicator numbers and what field they
correspond tc is given in Table 7.
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100
300

650
700
750

3

20

22

damaf
16

Table 7

Individual field types printed when LOUT=.TRUE.

E o

5 5 3 5 ¥F°

3

3 A FE ° ° < §

€

Lam €
T

s €

L5 T R - T T « B = |

G4 §

10 €

—

o O o000

O O O © O O

e
N LR

Field Type

Direct field when plates are present
Field reflected from plate MP

Field reflected from plate W9 then
reflected from plate MPP

Field diffracted from edge ME of
plate Mp

Fizld giffracted from the corners
of edge ME of plate MP

Fieid raflectad from plate M then
diffracled from edge ME of plate NP
Fiela rerlacted from plate MR then
diffracted by lhe corners of edge
ME of plate WP

Field diffracted from cdge ME of
plate HP then reflected from plate
R

Fleld diffracted fror the corners
of edge M€ of plate MP then reflectad
from plate R

Oirect field when anly cylinders
alone are present

Geomatrica) optice field reflected
by cytinder (for comoarisen only)
Fie'd sgattered by the turved sur-
face of the ~yliager

Field reflected by end c2p MC of
the cylinder

Fleld diffracted by the end c3p
rin MC of e cyltacer

Geometrical optics frele reflgeted
from plate M then r¢flested froe
the curved surfoce of the.cylinder,
{Fer compartsan aalyl

Field reflected from plate ¥ iad
thea c2atteryd Dy the Curved fure
fage of the ¢ylindir

Grometrical gotics fiald eef locted
from the urved surfige of e c{-
tinder 322 then reflected from plate
W, (For comaarinca ealyl

Freled sratlered fron toe corved
surfaze of Idve cylieder thea re.
flegted from dlate B

Fiele fef igcied from 120 Corved

o 3wrlate of e ylinder U gif.

fricted 2F e M of plate @

Fipls @iffeycted from edge W ¢f
plate W then reflectes From the
torved syrfare of the ¢piinder

T of fielty of a given Lyow (KNS}
£26 3 giyem aocle {IRSRE)

Toial figle for o pivem angie {LRNGLE)
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FLOW DIAGRAM

PRIOUT (LK, J,1,ET,ER)

L

K

J {nteger indications, see Tadle 7
{

£r theta component of £ field

EP  phi component of € field

Print L X,J,I tad
field components

Retyrn

CODE LISTING

R g -—

2 cor SUBRQUTIRE PRIQUTIL,K,J, 1, ETEE)

s LY

4 L1t PRINT QUT DATA IN STANDARD FORMALT.
St INTECEH INCICATORS ,THEM MAG. AND PHASE
G L > U-THETASE<DN] COMDPONENTS.

IR R

8 : CIHPLEX BT, EP

v CIRCNTIS/PL, T, DR, RPD

1w CTuwQARSIET)

i YIPaPReBTAN2 LA BAGIET ) REMLIET )Y
i2 CRAUARELEDR? .
13 PEPal Pl TAN2L AL 2AGLED )  REALLED))
L Pedl B, 1000 To &

£S e tl R D, LEQ.TIGD YO 2

& SFUUTHLLY, L B=5, D UBNL LT . | LE-SIRETIRN
T2 TRETHEIS, 1) LK 0,000,070, uba, 4o
ta b FORSATUIH L6515 ,2F19,6,5K 2F15.4)
i RETUDN :
<

TN A B P N bt BT AR B e 2 e N bt o N,

SR
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QFUN
PURPOSE

To ~ompute the ¢* function for the cylinder's acoustically hard

diffraction coefficient.

MCTHOD
The g* function is defined as(14,15]
q*(x) = = + § (x)ed 7

2Jx
where
-~ -j 7.‘/4 R4 _‘
P,(x) = £ ) '8¥L%1T e IXT 4o
[T =P
and

V(t) and wz(r) are Fock type Airy functions,

and
_ 3
Q= a7
The gq* funct:on is computed as follows:
1) for x <-3 x3
1 1 2
0 = = L (1 -3 )e

2) for -3 <x<?2

(X'Xi)

a*(x) = q*(x;) +
(X3417%;)

where the gq*(x.) are tabulated values[14,15] and x,

X X<X’ »

3) forx>2 - 5
Xane

1 ej /6 e

S~ N

(q*(x41)-0*(x3)) »

-xi=0.1 with

q*(x) = — = -
2faix 21 n=1 qn[Ai(-qn)]

where Ai(T) is the Miller type Airy function.
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1’ SYMBOL DICTIONARY
i
o ANC ~3.9*CEXP(JAPI /6 1/SORT(P])
AU MILLER TYPE AIRY FUNCTION AT Q
¢ @.5/50KT(PI)
~ EXC CEXP(=5%P[/¢)
! { SHALLEST IN1EGERr CLOSEST TO 19%X
= Q ZERCES OF DERIVATIVE OF MILLER TYPE AIRY FUNCTION
Qruk 0 FUNCTIGH
- 01 [MAGINAKY PART OF TABULATED O FUNCTION
Qk KEAL PART OF TABULATED O FUNCTION
- X AKRGUMENT OF Q@ FUNCTION
x{ REAL NUKMBER REPRESENTATION OF I
CODE LISTING
| I
~ 2 CUNPLEX FUNC3ION QFUN(X)
3 i
- 4 CIYY COMPYUTES THE © FUNCTION OF THE CYLINDER’S
S Ci1! LIrrkACTION CORFFICIENT (HARD CASE)
o Citl
B 7 DIMENSIOE GR(61) ,QI(61)
8 CUMPLEX ANC,EXC
v DIMENSICH 0(5),A0(5)
" CORECN/PLS/PILTPI,DPR,RPD
1 DATA AN EXC/(=.24420 -1, 14105) , (~B.BH6A25,~03.5)/
12 DATA C/0.282u9/
12 DATA 0/1.01879,3.24820,4.832010,6.,16331 7372187
14 DATA 20/1.53566,=3.41912 11, 38341 -0, 35791 ,%.34230/
(£ DATA GR/=,229,=0411,-.559,=,673,~.754,-.907 ,-.834,~.841
lo 24=eB32,=.810,~ T8RO =, 744 ,= 705 ,~ 665 .- ,625,~,587,~.551,
17 2=517,~,486,-. 458 =, £32 ,~, 429, -, 3RR, ~. 369, -, 352, -, 335,
o 2=0320,-02140,-.293,=:279, =206, =4253,=.239,=.226,~, 212,
by 2=, 198, « 184, ~. 170, -, 155 , =, 141, =, 126,~. 112,~,798, -, @R4,
L 2T 1, =58, =, 046, =, 634, = P23,=.A12,~. 0326, M6, , 015,
21 2.022,.02%,.030,.041, .0406,.751,.056,.761/
22 DATA QI/= B3R, = T771,=:676,~,562,~,440,~,317,=, 199, -, 090
23 2,.008,,064,,166,.226,.274,.311,.338, .357,.368, .372,,371
24 2,.305,.350,.342,,327,.309, .2R9,,268,.246,.223,.204,, 1 77

2% 2,194, .131,. 189, .188,.767, .,148, ,#31, ,A14,~,00313,-,.015

26 2= 02T 4= 038 4= e N 4B = (050 = o362 , = JB68B = T2 , =175 ,~.A78 ‘
27 2,= 79,2079, =079, = BTR = 177 4= BT5 = . AT2 ,=. 070, = 067 j
28 2,=064,~. 361 ,=.059/
24 IF(X.LE.~3.)6G0 TO 1 ;
it I[F(X.,GE.2.)G0 To 2 i
31 [=C(3.+))*11,) '
32 X1=FLOAT(1)=20, 1
i [=1+1 i
24 QFUR=CHPLY(QROD) (=QI I D+ (1@ # X=X1 ) *CHPLX(QR( I+ 1)=QR(] ),
) 2=QTCI+1)+QI(1))
L6 AETURK
Y DFUN=.5% (1. (SQRT (P )% X) ~SCRT{ ABS( X ) Y*CEXP(CMPLX (@, ,#. 25
oy SAPIHXNNAX/ 12, ) JRCUPL XL 1,y =2, Z{ XHXkX) ))
oy ki TURN .
I OFUN=(0.,0.)

; ) NS H=1,5

[ 42 QFUN=GEUN+CEXP (O (N )% X*EXC) ZAD(N) ZAQ(N) Z0(N)

{ ad OrUN=QFUN* AMC+C/ X
44 his TULN

; b END

}
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RADCV
PURPOSE

To compute the longitudinal and transverse radii of curvature
of the elliptic cylinder at a given point.

METHOD

The longitudinal radius of curvature of the elliptic cylinder
(in the plane of incidence) at the point defined by elliptical angle
VR is given by

- jA?sinZVR+Bzc052VR)3/2
9 AB sina

The transverse radius of curvature at the point defined by ell. angle
VR is given by

_ (A%sin®VR+BZcos?VR)3/?

p -
b M sin®(ag-n/2) :
where
ag = AS
p” = RG
p% = RT.
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FLOW DIAGRAM

! RADCV(RG,RT,VR)
INPUT VARIABLES

VR elliptical angle defining point for which
radii are computed

OUTPUT VARIABLES

RG longitudinal radius of curvature of the

: cylinder in wavelengths

t RT transverse radius of curvature of cylinder
in wavelengths

Compute radii

SYMBOL DICTIONARY

KRG HADIUS OF CLRVATURE I[N THE PLANE OF [NCIDENCE
i : RUT KADIUS OF CLxVATLRE OF THE ELLIPTIC CYLINDER IN THE
i PRINCIPAL (X~-Y) PLANE
. Rl hADIUS OF CURVATUKRE TRANSVERSE TO THE PLANE CF
INCIDENCE
VR ELLIPTIC ANCLE DEFINING THE DESIRED POINT ON CYLINDER

PR

CODE LISTING

I C — -—

2 " SUBROUTINE RADCV(RG,RT,VR)

3y

4 LU COMPULES RADYI OF CURVATURE OF ELLIPTIC CYLINDER
S et

[¢) COMMON/GEONMEL/ A, B,2C(2},8NC(2) ,CNC(2),CTC(2)

1 COMAON/ZGID/AS,IDSAS ,SASP,CAS

<] DN=SQRT(A* A% SIH(VH I*SIN( VR )+B*B*COS( VR )} *COS(VR))
y RGT=DN*DN*DN/A/B _

tw RG=KRG1/5AS/SAS
41 [F(SASP.LT.1.E~5)G0 TO |

12 RT=RGT/SASP/SASP

15 KETURN

la 1 KT=1,E2u

N RETURN
1o END
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RCLDPL

PURPOSE ‘
To compute the far-zone electric field for a source ray which

is reflected by the elliptic cylinder and then diffracted by a given i

edge on a given plate.

PERTINENT GEOMETRY

SOURCE
LOCATION

4
] XS
REFLECTION
POINT XR ™

DIFFRACTION
POINT XD

C

o>

Figure 86--Ray reflected by cylinder and then diffracted
by plate edge.

METHOD

The field reflected by the elliptic cylinder and then diffracted
by a plate edge is calculated in this subroutine. The field reflected
by the cylinder is found using geometrical optics{4]. This causes
an astigmatic tube of rays to be incicent on the plate edge. The
unifurm Geometrical Theory of Diffraction(4) is then used to find
the diffracted field from the edge. The resultant field in the far
zone has the form (pp. 154-155, Reference 1) :
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‘ Siand !""‘iﬂ\ﬂ . i -.~'

pend

rr
P10 i o=Jks
-Er,d - 'Ei(QR) K5 172 ’p; e-jks e_s_ ,

. (p]+s') (ohs')
where'E'(QR) is the incident field at the reflection point Qg R is

the diadic reflection coefficient, U is the dyadic edge diffraction
coefficient, p} and el are the reflected ray caustic distances, p
is the inciden{ caustgc distance on the edge, s' is the distance $rom
the reflection point to the diffraction point, and s is the distance
from the diffraction point in the far zone. The geometry is shown
in Figure 85 and further illustrations can be found in the write ups
for subroutines REFCYL and DIFPLT. The phase of the field is referred
to the reference coordinate system origin so that

-Jjks W AT -JkR

e - JkD<X e

5 = e d R -

The reflected-diffracted field then has the form

-jkR
r’d - A A @ j
Tl - W (EDTHB+EDPHR) &—

-JkR

where the factor E-R—— and the source weight (Nm) are added elsewhere
in the code.
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FLOW DIAGRAM

RCLOPL (EOTH,EOPH,FN,ME,MP)

INPUT VARIABLES
MP  plate where diffraction occurs
ME  edge on plate MP where diffraction occurs
FN  wedge angle numper

OUTPUT VARIABLES
EOTH theta component of reflected-diffracted
field in RCS
EOPH phi component of reflected-diffracted
field in RCS

[ I ——— |

Is
diffraction possible?

Set LROC(MP,ME)~,FALSE,,
telling routine not

to use previously
defined starting

point next time

Compute ray path RFOFPT is called

Is cylinder
reflection point off of
finite cylinder?

s

ray shadowed
anywhere?

h

Y@ e i

No

Compute poiarization uait
vectors for incident and
diffracted ray on plate
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Compute source field
pattern factor

Compute pelarization unit
vectors for incident an-
reflected field at cylinder

Calculate components of field
incident on the cylinder

Compute components of
cylinder reflected field

Compute components of field incident
on plate edge perpendicular ard parallel

to the edge

Compute reflected diffracted ray caustic
distances and spread factors
{pp. 154-155, Reference 1}

Compute diffraction coefficients I

Compute diffracted fialds }

Compute thety and phi components 20THD
of reflected-diffracted freld Eswm

tn ACS
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SYMBOL DICTIONARY

BO
80P

Db
UH
DHIT
DUTP
s
Lv

ELPH
ebPL
LUPK
EUIH
EIPL

ElPk

EIN Y
EI\}
ElZ

EKX
EKY
EHZ

EXPH
LDKC

LHI1
ME
“p
PH

PHICK
PhC

¥ ol
PSk
L

HHI 2

Ril k&
NHU |

LIV

SNAG
Sp
THiCk

I'te

Ul
vipRY
UiFrpe

Uieny’

ytery
UlPKe
Unipr
Uil by
UnitPg
vi

vic

DIFFRACTED FIELD POLARIZATIOM UNIT VECTOR PARALLEL
TO EDGE

IMCIDENT FIELD POLARIZATION UNIT VECTOR PARALLEL
TO EDGE

NORMALIZATICM CONSTANT FOR CYLINDER TANGENT VECTCR
EUGE DIFFHACTION COEFFICIENT FOR HARD FIELD COMPS.
DISTANCE FRUM SOURCE TO HIT POINT (FROM PLAINT)
TEST PARAMETER USED TO DETERMINE IF REFL IS LEGAL
DIFFRACTION COEFFICIENT FOR SOFT FIELD COMPOMENTS
DOT PRODUCT OF EDGE UNIT VECTOR AMD DIFFRACTED

RAY PROPAGATION DIRECTION

PHI COMPONENT CF DIFFRACTED FIELD IN RCS
UIFFRACTED FIELD COMPOMENT PARALLEL 10 ENGE

DI FFRACTED FIELD COMPOMENT PERPENDICULAR TO EDGE
THETA COMPONENT OF DIFFRACTED FIZLD IN RCS
CONMPONENT OF FIELD INCIDENT ON CYLILIDER (OR PLATE)
PARALLEL TO PLANE OF INCIDENCE (OR EDGE)

COMPONENT OF FIELD INCIDENT ON CYLINDER (OR PLATE)
PERPENDICULAR TC PLANE OF INCIDENCE (OR EONGE)

SQUHCE PATTERN FACTORS FOR X,Y,Z COMPCMEMTS OF
INCIDENT E-FIELD

X,Y,2 COMPONENTS OF CYLIKDER REFLECTEDN FIZLD

IN KCS

COMPLEX PHASE AND SPREADING FACTOR

SET TRUE IF REFL DATA IS AVAILABLE FROM PREVIOUS PATTERY
ANGLE (OR FOR MEXT PATTERN ANGLE (VHEMN LEAVING ROUTIMNE))
SET TRUE IF RAY HITS PLATE (FRO4 PLAINMT)

EDGE ON PLATE NP WHERE DIFFRACTION OCCURS

PLATE WHEHE DIFFRACTIGH OCCHRS

Dl FFRA(E:TEU FIELD POLARIZTION UNIT VECTOR HORUAL

TU ENG

PH! COUMPONENT OF FIELD INCIDENT o CYLINDER IN RCS
INCéDENT rFIELD PCLARIZATICH UNIT VFCTOR MNORVMAL TO

EDG

INCIDENT HAY PHI ANGLE IM DIFFRACTION POINLT COCRD SYS
DIFFRACTED HAY PHI ANGLE IN DIFFRACTIOM POINT CCORD SYS
CAUSTIC DISTANCE OF CYLINDER nEFLECTED FIELD [VCIDENT
Ol ZDOE IH AHE DIRECTION PERPENDICULAR TO TPE EDSE
CAUSTIC DISTANCE OF CYLIMDER HEFLECTED FIELD INCIDENT
ON EDGE [t THE DIRECTION PARALLEL TO THE “DCE

LUGE CAUSTIC DISTANCE

RAY SPHEADING RADIUS AT CYLINDER I PLANE NORMAL

Tu PLAHE OF [INCIDERCE

WAY SPREADING HADIUS AT CYL IN PLANE

Ok (HCIUENCE

LENGTH OF MpY FHOK REFL POINT CH CYL TO SOUKCE

DISTANCE pEIWCEN HEFLECTION D DI FERACTION POIRY
THETA COMPOMENY OF INCIDENT NAY DIRECTIOM ON

CYLIRDER M HCS

VISTANGE PARAYETENR PO BOGE DI FFRACTED FlELD

}1.Y.Z CUdPORENTS OF [NCTDENT POLARIZATION UMIT VECTOW

PARALLEL 7O PLARE OF [KRCIDENCE

}I.Y.z COMPOLENTS OF INCZHUTL POLARIZATION UNET VECTHR

PLEPENDICULAR S0 BLARE OF [NTIOENCY

}x.v.z COMPORERTS Or REFLBCTED S0LARIZATION UniT VECTON

PARZLLEL 0 THE BLANE OF INCIORTG

Xo¥ 8 UMPOHINTS OF HAY PROVAGATION DIRECTIC !

O 47 INCHLELRT o DIRERACTION POITY

NoVeo WIEWNNENTH UF KAY PROPAGATION D RECTION OF UAY
LofUENLY O CYE IR
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VK
b V]
AUP
AKX

ELL ANGLE DEFINING HEFLECTION PCINT ON CYL (2=D)
Xo ¥y 2 COMPONENTS OF DIFFRACTION POINT [N #CS
MOUIFIED DIFFRACTION POIMT LOCATION FOR SHADOWING TEST

T T T T T R T I T RO T T T T T

X,Y.Z COMPOMENTS OF nEFLECTION POINT ON CYL
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CODE LISTING

O B

L gl « JEN

[eX 23 o ST o
- G e e

SUBHOUTINE RCLUPL(EDTH,EDPH, FN ME EP)

COMPUTES THE FIELD REFLECTED FRUM THE ELL!PTIC CYLINDER
THEN DI-FRACTED FhOM EDGE #ME OF PLATE #

COMPLEX Er ,EG,EIPR,EIPL,EXPH, DS, DH
COMPLEX ERFR,ERPP, EIX.EIY EIZ ERk ERY.ER

DIMENSICON Uh(?) UB(Z) VIC(:).K?(:)

DIMENSICY VI(3).XD(2).PHO(3).PH(3).809(3).RO{3).XDP(3)
LOGICAL LHET,LRDC,LDEBUG  LTEST
COPMON/GEOPLAZ X( 14 ,6,3),V(14,0,3),VP(14,6,3),VM(14,3)
2 MEPC14) MPX

CUMEONZEORINFZXS(3) (VXS(5,3)

CQUHMONZOI N/ Y, THSR ,PHSR, SPHS ,CPHS, STHS ,CTHS
COMMQL/GEQNEL/ A, B,2C(2),SNC(2),CNC(2),CTC(2)
COMMONZENDRCLZVCD(14,6),1UCDC14 ,0) ,BCDC 14 ,6,2)
CORMONZTHPHUVZDT (3,17 (2)

COMBON/ZRIS/PLE,TPI DPR,RED

COLRUNZIEST/LDERUG LTESY

COEMON/CLRDC/LARNC( 14 ,5)

IF(FN.GT.2.) GO TO 4@

Dv=ws,

B0 14 N=1,3

DV=hveDN) 2V LPOME M)

1S LIFrhACTIC #OSSIALE?

IFCOV L) .BCCIIP(NE L 1) (QH DV GTLRCTHNP ME L 2)) 50 TO 39
COMPUTE RAY PATH

CALL KFUFPT(VR ,XR,DOTP,DD,SHAG,VIC,XD,SP, V] DV, HE up
.Lkuccu? "))

IS nEFLECTION LECAL?

IF(DOTPLLE..G.) GO 10 40

IS HSrLECTICH POILT UFF OF FIMITE CYLIMDER?
IFEXRE3).GTZCC1 Yo XRC1 1CTCC 1) LOR,
QXHEIILLT.ZCI200XHE 1) eCTU(2)) GO 10 &6

CHP=CUS (e . 5eP|)

SUPuSIH(FHe . 5¢P])

30 lo M=l 3

VECT VPP %8, N eCHI o8Nt SRt M )eSHD

XUF i) s Ll +vbCTel [ E=5

i DICFRALCTED HaY SHAT0.ED BY A PLATE OF

» CYLINUER?

CALL PLAINTE2DP, D DHIT VO, LHIT)

PROLMITS GO M0 s

Cal.. o:;xmcxﬁ.a.m—‘s;z.mﬁ.t.vn..‘{wu&'.;

TRELR'TY G0 30 an

IS =AY RETVEEN RErLECTIUN M0 DIFRASTION SHA2MWER?
CALL PLAINTO X W1 ST P LHIT?

TetlidToan, (OONITLT,.80)) €0 10 &

£S5 waY INCIDET an W IuDEE SMaADCiEDR?

\.‘AL’. pt‘l':l‘l » Ix—.U!lhﬂ.U”e

§r (LT, aND. (DI T . LV 334G 8 10 &

Qfwir.

PRe,

ﬁa‘t’/.

e,

PO 24 He,

GleTi-CKIND VIevitay

PEePBaTR P & Wiew ]l (X)

Galedy (38,1 ¥%5t00)

FoeS e VRIre NERS 32 144

f‘bﬂn!ﬁu‘ i“# E)‘V]

?5@n{vwoﬂs§m
[ E410 I8 L
POURIAY 24 E
Poni Niwt Ry

BLe FR, 028D
i) |

DPSéDPH +ENPRENPL .ENTH, EDPH ]

P coireg A, YIS



it

¥
|
&
o TF(PS,L1.0.) ESminn, +PS
8 FNPepFN® i8¢ 1,54
1 oy [F (PSO.GT. FNP. 02 .PS.CT.FIIP) G) 10 401
iﬁ Te SPHOsSIN(2S0l)
) CPHUaCUS (PSOK)
72 SPHaSIN(PSH)
b § G2 CPH=COS(PSI)
a 74 CHIY COMPUIE POLAIRIZATION UNIT VECTCHS FIR INCIDEMT
L 75 CLEL AND DIFFRACTED FIELD QN PLATE
70 00 3¢ Mei,3
- T PHO(N) m=VP NP, NE N )2 SPHOSVE(NP N I0CPHU
: M i PHOH ==Y PP HE, N S SPHAVYN R 1 )9CPH
éa 1 BOP( 1) =PHG(2)#V] (3)-PHOCI)2V](2)
b BOP(2)sPHO(3)#VE (1 )=PHOC 1) ®V ()
ul BOP(3)=PHOC1 )V (2)=PHO(2)%V]( 1)
- 82 BOC1)I=PHI2 )R 3)=-PHI ) =D(2)
4 o S0(2)8PHI)*LE 1) =PHC 1) D3
ws ba FOC3 =P I { 2)=PH(2) e} (1)
oY THICh=RI N2 SN (VICCI InvICU YoV IC(2)oV]CI2) ), VICI3D)
. Ho PHICHSBTAN2(VICI2),VICII D)
: 8 CALL SOURCE(EF ,EG,EIX,EIY,CI1Z, THICR, PHICRVAS)
. tn RG=DDeHDe /P73
by CALL HALDBCUN,UB,VR)
LT CIHC=UNT 1) oV I 1 e2N(2)2V](2)
. vi Bhemly FAN2 (=VICU1)aLBCI =V IC(2 1RUB(2),~vICE3))
: 2 SumSIHCER)
3 LR CNaCOSLEH)
va SST2aSNeSHCICHnCTHCSCTHC
vy REQ23SMHAG
i veé KM sSHACRKOSCTHCZ (RCeCTHT 92 .2 SHAGHSST2)
. Yl €1 CQYPUTE POLAREZATION UNIT VECTCHS FOR INCINENT
vl CrEY AND REFLECTEL FIELELS AT CYLINDER
v UlPhAsSIN(uR=5¢R] 1eliB(1)
it Ul PHYaSIN (k= 50P] 10L3(2)
tei Ul PHZeCUS (e 9w )
g VIPPKeVICE IIeU[RRAY-VICI2 NI PRE
) UL PRYRVICE 1 )oU ] 2=V iCtI st PR X
td UL PPZa¥ [CI21 e IPRR-VICL 1 ey PRY
igy UKD ARV (Y el 2RY=VE (20U 2R
170 UnPRYsd] () 1oLl ORE-VICI I LI FPRY
103 UkPPIav (2 10Ut PRl (L 2ol BaY
tug €11 CALCULATE COUBOUERTS OF FLELD INCIEEYT O CYL{MOER
foy LE1Y PERPENDICULAR ANMD PARALLEL TO PLANE O (MCIDENCE
1 EXPH R AP ICHPL 3D, ~TRIeS120 N LSHAE :
tin EIPHaUIPHAOE [ Xoy [ Yoil el |2R2eEIL
g el PoXeS fhe }oRYoR Y1 (PPl LE
FEY LI) COBPUIE CUSRONENTS OF CVLINOFR GPFLECTED FISLD
13 0Y ExPrweSRUT tHM I ORIGY te FEPHOR § D]
1y LS O LV ORRTF CLOASE- 8
tig ErdetkCheUiBREeE P PO RPRY
153 ERTNZE2AUIPRY T ADPOLUINY
Ny BR2eENPHe PRI s TUT PoiPR]
PR L1 COMBYSTE QUPPCRENTS S RIFLD INGIDENT GF PLATE
B2 L1t BLGE RARALLEL AND CEEPEEDICULAX 12 v
1o L PueT kXS ZUEL T oERVOTENI DT ST PG )
122 Lo «RKISEI{ L FalH VORI 2 0 0L § 1
123 SHCRSTH ATV B 0005 1ex{vD Y6 Ztenlthoe 20 iwi D, HE 1)
122 ZOVLII=RTER 2T J10001 Heaety (19 3E 2 et i3Vt | tein 2T
1y Qe

foe w1t NURPITE BRRLECTED-THe#RALTED HaY CUSIC
B W1 DISLARCRS AND IPAED PIOTOWY

114 Wl NI (2L I PN 2 e 2DV
oy VINDeU e[ X MU D ST SRy
1re JE T ReEIPPYa syt Y
iai HE TR CL N A PSR U FENT AT TSR
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. |
153 UXH2 AsU] PR X-2. U IN2#UHI¢ 1)
154 UXH2YsUIPilY=2. #UTHI*UN(2)
135 UXR2ZslI1PH2
156 THI =UIPPX*UR( 1) sUIPPYSIT(2)
137 THI2=ULFPL
139 TH2 1 sUIPRX*UB( 1) +UIPRY*UE(2)
13y TH223 1 pR2
Yaky DETnTH 1 1#TH22-TH12*TH2 I
14 CH11=1,/7SUAGS2 .#CTHCATH224T122/ ( RG*DET #DET) !
1642 OR12%=2 , #CTHCHTH224THI 2/ (HC*DETHDET)
j4s Qit22%) . /7SHAG2 . #CTHC*THI 24 TH12/{ RGMUET*LET)
1es OiH=(R22=1 ,/RHOI
145 A0H=SON (OHHAORHOQRI2%QR 12} ’
iso AR X=(QRHRULRT X=0R 12#UXK2X ) Z700H
147 XRIY=(OrHeUXR1 Y=-CR 12 #UXN2Y) 700K
145 ARI1Z=(0KIERUXE ) 2-0H 12 2UAR22 1 7 0O ;
14y AN2K==Cv] (21 #X[12Z-V1 (3)eXH1Y) A
150 (u2Ya=(VI(3)# R X=VI (1 InXR12) {
151 XH2ZE~ (V[ (1)L Y=V (2)0Xk1X)
152 CREISVIL P EE 1)K 1AV CIP HE 2 JRXR 1YV (SP ME 1)1 #XR 12
152 CAH2TV NP JIE () IoXH2X V(MO E 2 KRV (P M 2D e X122 ;
1ve WHIE=RHC 1 2RIFC2 /¢ RHO2 sC XN 1wCX R #RHO 1#CER24CXR2) }
iss HHIE = TeSP &
15¢ ERD bafiiig 19 SP
1573 Hh12=uHC e <P
tun TOPRL | #icti] 20 S80RSAO/KIEE §
e Galt= 001 1o 11 eXD (23 4D(2)+XN(3)eN( 3)
1. ExdBaCERPICUPLACH. TPI*(CAY=D () )ZSORT (RHL 1 #R412) :
1o EXPitaZ (61 SCRT G Z)
162 Ct CHOPHTI DIFFRACTION COSFFICIBINTS i
fel CALL T2eDRS, BV [0S, DR, TPR, DS, PSO,SRO N, JFALSE,)
lea QY LOBPUTE DFREACTED FIELIS l
1¢¢ Enplim=T] Pheiibs X
tee SEPLe~] 2L ol SOENDH
FOT Lt SURSLLT THELVE anR PRD COIDOMENTS OF DIFFRACTED f
fee WEIY O BIELD $1 2CS i
tey COTHELDELS(ECOI)RDTE 11 e3CI290TL )00 DT IN
i3 2eLUT s (ERLLISDTL 1) P2 0T 2) o PHE JI 00T D)
thi SLRTeSUILa (B0 1 2enPC 1) enQ{2)eDR(2))
by SORHP 4 LU 1INDRL 1) eBH( ) @R} ) .
I%. \;ﬁ .‘Q Y4k :
e % LABC e e PE e FALSE.
VY e CUl I NE
tiw suThete. Ol
1 ST SO
TR FeVid RS
F Pt L OTLTEST Y T YRy
i HESSACESAILORL 3 1
Ve Fndevis* TISTiHG CLNPY SURRQUTIRER? ;
1y SRiiElo, e BLTM ENSE FU, M 5P :
e . TR AW
i« 2R
!
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RCLRPL
PURPOSE

To calculate the geometrical optics fields of a source ray which
is reflected by the elliptic cylinder and then reflected by a given
plate.

PERTINENT GEOMETRY

y
A

“W-—PLATE MP

SOQURCE
LOCATION

Figure 87--11lustration of ray reflected by cylinder and
then reflected by a plate.

NETHOD

Subroutine RCLRPL functions as a service routine for subroutine
SCLRPL, where the 3ctual cylinder fields are computed. The gecmet-
rical optics reflected field components ETH and EPH coxputed in RCLRPL
are used only for reference purposes (when LOUT is set trye). The
field conponents calculated in ROLRPL which are used in SCLRPL are
the hard and soft components of the source field incident on the
cylinder at the reflecticn point. Yhese compeneats, along with sev-
eral other useful parameters are passed to subroutine SCLRPL through
comeon block FUDGJ.
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The geometrical optics fields determined in this subroutine,
for the reflection from the cylinder, are calculated in the direction
DJd. This direction is found by imaging the observation direction
into the plate, as illustrated in Figure 87. The cylinder reflected
fields are found in a similar manner to those obtained in subroutine
REFCYL. The plate refiected fields are found by satisfying the bound-
ary conditions for the fields on the surface of the plate.
The phase of the resultant double reflected field is referred to the
roference coordinate system origin. The dcuble reflected field thus
has the form

_ o g-ikR
BT - W (ETHE+EPHS) So—

~-JkR
where the factor & R and the source weight (Nm) are added elsewhere
in the code. '




ST TTFTENS e sy

O TRILT

JO o Dy gl

R i T

FLOW DIAGRAM
RCLRPL (ETH,EPH MP)
INPUT VARIABLES
MP plate where reflection occurs
OUTPUT VARIABLES
ETH theta component of doubly reflected
geometrical optics field in RCS
EPH phi component of doubly reflected
geumetrical optics field in RCS
Compute direction of ray incident
on plate (ray reflected from
cylinder)
Can
cylinder reflection No e
occur?
Yes
Set LRFS(MP)=FALSE
telling subroutine
RFPTCL not to
use previous data
as starting point
next time it 1s called
Knowing reflected ray direction
and source location, compute
reflection point on cylinder
1s
reflection point off of Yes
finite cylinder?
Does
reflection from plate MP Ro -
oceur?
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qu

; Is
ray shadowed anywhere?

Yes —

[ it

Compute source field
pattern factor

1 &
Compute polarization unit vectors

for incident and reflected fields
at cylinder

acincy,

[ Py

Compute field components of
ray fncident on cylinder

Conpute components of cylinder
reflected ray parallel and
perpendicular to the plane

of incidence

po—

Compute theta and pht components
of cylinder reflected field
in RCS

Calculate polarization unit vectors
and take dot products necessary
to compute plate reflected field

——

boundary conditions at reflection point)

Compute plate reflected field {match g

Compute theta and phi components of
doubly reflected field in RCS
(ETH,EPH)

i ,

J
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Compute theta and phi components
of hard and soft fields incident
on cylinder (pass variables back
to subroutine SCLRPL through
common block)

Leave LTRFJ=,FALSE,, indicating ETH=0
presence of G.0. reflected field EPH=0
LTRFJ=, TRUE,

|

! Retyrn [

frmird wead g o

R
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SYMBOL DICTIONARY

Al FIELD COMPONENTS OF RAY INCIDEMT OM PLATE

A2 NORMAL AND TANGENT TO THE PLATE

A3 DETERMINANT OF POLARIZATION TRANSFORMATIOLN

Cil I
ci2 COEFFICIENTS USED TO CONVERT POLARIZATION FROM N
C2l THETA AND PHI COMPONENTS IN RCS TO COMPONENTS

c22 NORMAL AND TANGENT TO PLATE (AND VICE-VERSA)

D PROPAGATION DIRECTION AFTER PLATE REFL. IN (X,Y,2)

RCS COMPONENTS
DDl DOT PRODUCT OF UNIT VECTUR OF PROPAGATIOM DIRECTION AMD
CYLINDER TANGENT UMIT VECTOR THRQUGH TAN POINT 1 (2~
bbe DOT PRODUCT QF UMIT VECTOR OF PROPAGATION DIRECTION AND
CYLINDEK TANGENT UNIT VECTOR THROUGH TAN POINT 2 (2-D)

OHIT  DIS1ANCE FROM SOURCE TOQ HIT POINT (FROM PLAINT)
DH1 DISIANCE TO HIT POINT (FROM PLAINT AND CYLINT)
DI XY, AND Z COMPONENTS OF INCIDEMT RAY DIRECTIOM 0N CYL IN RCS ;-
oJ XyY,Z COMPOMNENTS OF OROPAGATION DIRECTION OF RAY

INCIDENT ON PLATE . .
EF PATTERN FACTOR OF THETA COMPONENT OF INCINDENT FIELD I RCS

(ALSO THETA COMPCNENT OF CYL REFLECTED FIELD IM RCS) ;
EG PATTERN FACTOR OF PHI COMPOMENT OF INCIDENT FIELD

IN RCS (ALSC PHI COMPOMENT OF CYL REFL FIELD IN RCS) .
EHPH  PHI COMPOMENT OF HARD CONPONENT OF FIELD INCIDENT

ON CYLINDER

EHTH  THETA COMPONENT OF THE HARD COMPONENT OF FIELD INC OF CYL i
(PARALLEL TC PLANE OF INCIDENCE)

EIFP  INCIDENT FIELD COMPOMENT PARALLEL TO PLAMNE {
OF INCIDENCE ON CYLINDER

EIPR  INCIDENT FIELD COMPOMENT PERPEIMDICULAR TO PLANE OF [NC OM CYL

EHPP  COMPONENT OF CYLINDER REFLECTEDR FIELD PARALLEL
TO FLANE OF INCIDENCE .

ErRPK  COMPONENT OF CYLINDER REFLECTED FIELD PERPENDICULAR )
TO PLANE OF INCIDENCE

ERX

ERY}  X.Y,2 COMPONENTS OF CYLINDER REFLECTED FIELD I
EZ)  IN KCS
ESPH  PHI COMPOMENT OF SOFT COMPONENT OF FIELD INCIDENT
oM CYL .
ESIH  THETA COMPONENT CF SOFT COMPOMENT OF FIELD IMCIDENT 3
ON CYL i
EX . .
EY X,Y,Z COMPONENTS OF SOURCE FIELD PATTERN FACTOR
EZ IN ®CS
GAM~  PHASE CONSTANT
LHIT  SET TRUE IF RAY HITS PLATE (FROM PLAINT) }
LRFS  SET TRUE IF REFL DATA IS AVAILABLE FROM PHEVIOUS FATTERY
ANGLE (OR FGR NEXT PATTERN ANGLE (RHEN LEAVING ROUTIME))
LTHEJ SET TRUE IF G.O. REFLECTED-REFLECTED FIELDS .
DO MOT EXIST
PH COMPLEX PHASE CONSTANT L

PHIR  PHI COMPONENT OF [NCIDENT RAY DIRECTION OMN CYL I RCS
PHJR  PHI COMPONENT OF RAY PROPAGATION DIRECTIOH
BETWEEN CYLINDER AND PLATE IN RCS
rRHUI HAY SPREADING RADIUS IN PLANE OF CYLINDER CURVATURE L.
Al REFLECTION pOINT
fHL2  RAY SPREADING RADIUS IH PLANE MORMAL TO Pi.ANE OF
[HCIDENCE AT REFLECTION POINT 4
SMAG  LENGTH OF RAY FRCM REFL PCINT O CYL TO SOURCE

SXN

SYN j} Xe Y, Z COMPORENTS Oy UNIT VECTOR OF RAY FROM REFL.

SZN POINT ON CYLINDER TO SOURCE LOCATION It RCS .

THIR  THELA COMPONENT Or [NCINENT RAY DIRECTION OF CYLIIDER

THJR  THETA COMPOFENT OF RAY PROPAGATION DIRECTION :
Bt I'viEN CYLIMUER AND PLATE *

\

"
LR s ]
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PR

UIpPx
UlFPY }X. Y,Z COMPONENTS OF INCIDENT POLARIZATION UNIT VECTOR
UIPPL JPARALLEL TO PLANE OF INCIDENCE

UIPRX
UIPRY}X.Y.Z COMPORENTS OF INC/REFL POLARIZATIOM UMIT VECTOR
UIPHﬁ PERPENDICULAR TO PLANE OF INCIDENCE
Uipp
URFPY »X,Y,Z COMPONENTS OF REFLECTED POLARIZATIOM UMIT VECTOR
URPPL J PARALLEL TO PLAME OF INCIDEMCE
vT Xy YyZ COMPONENTS OF POLARIZATION UNIT VECTOR TANGENT
TO PLATE AND NORMAL TO RAY INCIDENT OH PLATE
VXS MATRIX DEFINING SOYRCE COORDIMATE SYS AXES IN RCS COMPOMENTS
Xi Xy Y,Z COMPONENTS OF REFLECTION POINT LOCATION ON CYL
Xrs REFLECTION POINT ON PLATE (ALSO CYL REFL. POINT IHAGE
LOCATION IN PLATE) ALSO CYLINUER REFLECTION POINT




CODE LISTING

& womary

i ¢ .
2 |, SUBROUTINE RCLRPL(ETH,EPH,KP) i
3 ci
4 Clt1 COMPUTES THE G.O. FIELD REFLECTED FROM THE L...IPTIC CYLINDF',
5CLLL THIN REFLECTED FROA PLATE MMP
7 DIMENSION UN(2),UB(2),DI¢3),0J(3),XRS(3) ,VT'3) 5
8 COMPLEX ETH,EPH,EX,EY,EZ ,PH, E1 PR ,E1PP, ERX, . Y, ERZ, ERPR,ERPP ]
9 COMPLEX EF ,EG, Al , A2, ESTH,ESPH, EHTH,EHPH, “RAN :
19 LOGICAL LHIT,LRFS,DEBUG,LTEST,LTREJ
1 COMMON/FUDGJ /TRAN, ESTH, E SPH, EHTH ,EHPH, XR(3) ,RG,Ri (1  SAG, LTRFJ i
12 COMMON/GEONEL/A, ByZC (2, SNC2) ,CNC(2), CTC(Z )
13 COMMON/SORINFZXS$ (37, VXS(3,3) g
14 COMMON/GEOPL AZX( 14,6,3),V( 14,6,3) ,VA(14,6,3) ,VN( 14.3)
i5 2 MEP(14) ,MPX
16 COMMON/PIS/P1,TPT,DPR,RPD
17 COMMON/DIR/D(3), THSR ,PHSR, SPS,CPS, STHS ,CTHS
18 COMMON/THPHUV/DT (3) ,DP(2)
19 CONMON/BNDSCL/DTS, VIS(2) ,BTS(4)
20 COMMON/TEST/LDEBUS, LTEST
21 COMMON/CLRFS /LRES( 14) -
22 1F(LDEBUG) WRITE(6,900) i
23 500 FORMAT(/# DEBUGGING RCLRPL SUBROUTINE*)
24 LTRFJ=. ¢ ALSE.
25 TF(DTS.1.T~1.5) GO TO 12
26 Ct11 COMPUTE DIRECTION OF RAY INCIDENT ON PLATE
23 CALL REFBP(PKJR, THJR,PHSR, THSR,MP)
28 SPHJ=SIN(PHIR)
2¢ CPHJ=COS (PHJR)
30 STHI=SINCTHIR) }
31 CTHJ=COS (THIR)
32 DJ(1 YeCPHJ*STHI
33 DJ(2 ) mSPHJ#STHI
Sa DJ (3)=CTHJ i
35 DXY=XS( 1 )%CPHI+XS(2) *SPH }
3¢ IF(DXY.CT.8.) GO TO 18
37 DD1=BTS( | ) #CPHI+BT5(2) #SPHJ
38 DD2=BTS( 3)#CPHJ+BTS(4) #SPHJ i
39 Ctit CAN CYLINDER REFLECIION OCCUR?
40 1F(DD!.GT. DTS. AND. 2D2.GT.DTS) GO TO 12

41 19 CONTINUE
42 C1!! COMPUTE CYLIMDER ~EFLSCTION PCINT LOCATIOM

43 CALL RFPTCL(PHJR ~MP,VR,DOTP,DN,5, LR¥S(MP))
44 IF(LDEBUG) WRITE:{6,*) VR,DOTP,L. ,S,LRFS(MP) }
45 IF(DOTP,1.E.Q.) GO TC H
40 XR(1)mA%COS(VR?
47 XR(2 )=BaSINS V) Ri :
48 XR(3)aXS (3)+S#CTHI/STHS i
49 Cl!! 1S REFLECTIOM POINT ON CYI.INUDER? j
5¢ 1ECXR(3).OT. ©(i)4XR(1I*CTCC( 1) . OR.
51 2XR{3),LT.2CHLI+XRC1ICTCC2)) GO TO it
52 DG 15 Nei,3
583 1Yy XRSIN)sXRIN)
S4 C!1! DOES REFLECTION FROM PLATE OCCUR?
55 CALL PLAINT(XRS,DJ ,BHJT,=MP,LHIT)
56 IFC.NOT,LHIT) GO 10 I
S7 C1!! 1S RAY SHADOMED ANYWHERE?
58 CALL PLAINTCXRS,D,DHT, NP ,LHIT)
5y IF(LKIT) GO TO )
e CALL CYLINT(XRS,D,:MSR,OHT ,LHIT, .TRUE,)
ol IF{LHIT) GO TO 1!
62 CALL PLAINTCXR,DJ,DHT,MP,LHIT)
83 IF(LHITAND. (DHT,LT.DHJT)) GO TO 1}
04 SXN=XS? | )=X" (1)
65 SYNs XS 2)=XN1{2)
/6 S7?Nu=SeCTHI /ST 1S
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bt pid G el

g

&y

¥

18]

183
104
105
t@o
167
128
189
e
i
12
113

A4

115
116
7
118
119
t2e
184
122
123
124
125

"}I

128
2y
138
131
132

citl

ciit
ci1?

clt
cty
cifl

ci
ciu

- sa
-

ci
clu

SHAG=SORT( SYN#SX i+ SYN#SYN+SZNRSZN)
SXN=SXN/ SKAG
SYN=SYN/SMAC
SZN=SZN/SMAG
PHIR=BTAN2 (= YN, ~SXN)
THIR=BTAN2 (SORT( SXN*SXN+ SYN®5YN) ,~SZN)
DI (13=COS(PHIR)*SIN(THIR)
DI (2)=SIN(PHIR ) *SIN(THIR)
U1 €3)=COS(THIR)
CALL PLAINT(XS,DI,DHIT,3,LHIT)
IF(LHIT. AND. (DHIT.LT.SHAG)) GO TO 11
COMPUTS SOURCE PATTERN FACTOR
CALL SOURCE(EF,EG, EX,EY, EZ,THIR, PHIR,VXS)
IF(LDEBUG) WRITE(S,*) EF,EG
P5=DD*DDD/ A/ B
CALL NANDB(UN,UB.VR)
CTHW=UN( 1 ) #DJC 1) +UN(2) *DJ(2)
WR=BTANZ (SXN*UBC | ) +SYN#UB(2) , SZN )
SNaSIN(HR)
CN=COS( kR ’
SST2=SH*SN4CIVA CH*CTHY. * CTHH
RHO22SHAG
RHO| sSMAG#*RGACTHN/ (RGWCTHA+2 . *SHAG*S ST2)
IF(LDEBUG) WRITE(%,*) RG,RHOI,RHO2,CTHI, SS.¢
COMPUTE POLAR: 'ATIOM UNI1 VECTORS FOR
INCIDENT AND F SFLECTED FIE , AT ~YLINDER
UIPRX=SiNCHR=P1/2.)%UB(1)
UIPRY=SIN(WR=P1/2. }+UB(2)
"IPRZ=CCS(WR=-P1/2.,

1 PPX=SYN#U] PRZ~S24#U1PRY
UIPPY=SZN#U1 PR X=-SXN*UI PRZ
UIPPZaSXN*UI PRY-SYN*UIPRX
URPPX=UPRY~DJ (3)=11PR2*DJ (2)
UKPPY=UIPRZ*DJ (1 )-UIPRX*DJ(3)
URPPZsUIP X#DJ (2" -UIPRY*DJ(1)
PHeCEXP(C::PLX( @, ,~TPI*SHAG)) /SHAG
CUMPUTE FIELD COMPONENTS OF RAY INCIDENT ON CYL.
EIPR=(U! PRX®EX+UIPRY®EY+UI PRZ#E2)

ELPPa(’ ‘] PPX#EX+UIPPY¥EY+UI PPZ#EZ)
COMPUT LOCATION OF CYLINDER REFL. POINT
IMAGE IN PLATE MP
CALL [MAGECXRS,XR, ANR, NP)
GAM=XRS(1)#D(1 )+ XRS(2)#D (2 )$XRS(3)#D(3)
PHwPH#CEXP (CHPLX (@ , TP I#GAM) )
SQRHsSORT( RHO1 #RHO2)
COMPUTE Cf IPONENTS OF CYLINDER REFL. FIELD
PARALLEL AND PERPENDICULAR TO PLANE OF INC
ERPR w-SQRH*PH* EI PR

ERPPaSOkH#*PHWE L PP

TRANSSQRH®PH

ERX=ERPR*U ! PRX +ERPP*URPPX
ERYmERPh#U I PRY+ERPP*URPPY
ERZ=ERPR#U 1 PRZ +ERPPRURPP2Z
COMPUTE THETA AND PHI COVPONENTS OF CYLIMNDER
REFLECTED FIELD
EFwERX#CPHJ#CTHI+ERY#SPHJ«CTHI-ERZ*STMI
EGm=ERX*SPHI+ERY*CPHJ

CALCULATE POLARIZATION VECTORS AND DOT PRODUCTS
NECESSARY TO COMPUTE PLATE REFLECTED FIELD
VIC1 JmVNCHP,2) #0(3)=VHCHP, 3) 6D (2)

VT2 )uVN (NP, 3)#D(1 )=V (4P, 1 )0 I)
VT(3)aVNINP, 118D(2)=VENP, 2)#D( 1}
CI1SVNCKP, | ] SCPHISCTHISVHERD , 2 ) SPHIACTHI=VI (NP, 31 05THJ
Cl2u~VYNCUP, | }eSPHJSVNIMD Z)tCPHJ

C21aVT( 1)*CPRISCTHIOVT(2 ) SDHICTHI=VT (2 )#STH)
C22=~VT{ 1) wSPHISVT (2 )eCPHI
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133 Ci11
134
135
136
137
138
139
140
141 CI1}
142
143
144 C
145 C
" 140
147
148
149
158
151
152
153
154
155
156
157 12
158 11
159
169
161 %45
162
163
164 %01
165
166
167

-
———
Py

COMPUTE FIELD REFLECTED FROM PLATE
AlsEF*C | 1+EG*C 12
A2sEF*C2 1+EG*C22

CHImYN(RP, 1) #DT( 1) #VN(MP ,2 )#DT (2)+VN(HP,3)4DT(3)

C12aVN(MP, 1)#DP( 1 )+VYN(MP ,2)#DP(2)
C21=VT(1)*DT(1)eVT(2)#DT(2)+VT(3)*DT(3)
C22=VT(1)*DP (1) )+VT(2)*DP(2)

AdmC.11 #C22-C12#C2)

COMPUTE THETA AND PHI REFLECTED FIELD COMPONENTS
ETH=(A12C22+A24C12)/A3
EPHa=(A2#C11+A1#C21) /A3

COMPUTE THETA AND PHI COMPCNENTS OF HARD AND
SOFT COMPONENTS OF RAY INCIDENT ON CYLIMDER
ERXsEIPKk*UIPRX

ERY=E[ PR*UIPRY

ERZ=E] PR*UIPRZ
ESTHUERX*CPHJ*CTHJOERYQSPHJ*CTHJ-ERZ*STHJ
ESPHa=EkX#SPHJ+ERY*CPHJ

ERX=E] PP*URPPX

ERY=E] PP2URPPY

ERZ=E] PP*URPPZ
EHTH-ERX*CPHJ*CTHJ*ERY*SPHJ*CTHJ-ERZ*STHJ
EHPH==ERX# SPHJ+ERY*CPHJ

G0 TO 905

LRFS(MP)=.FALSE.

LTRFJa.TRUE.

ETH=(0.,0.)

EPH=(0.,08.)

CONTINUE

IF(.NOT.LTEST) RETURN

WRITE(G, 5931)

FORMAT(/,” TESTING RCLRPL SUBROUTINE’)
WRITE(G,%) ETH,EPH KP

RETURN

END
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REFSP
PURPOSE

To calculate incident ray direci .on needed in order to obtain re-
flected ray in a given direction off of a spe ified plate.

PERTINENT GEOMETRY

e i bt it it fpuiied il

7N N
vl DR
”~~N
4 VN
A ‘\\\\
- ! PLATE WP
] Figure 88--I1lustration of ircident and

reflected rays on plate.

4
s

METHOD
A A
VI is found by imaging DR into plate MP:

~ ~ oA

VI = OR - 2(VN-OR) VN.

P R W

il

,‘ e |

&, oni3uR
. .
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FLOW DIAGRAM

REFAP (PHIM,THIR,PHSR,THSR )

INPUT IARTABLES
PNSR  phi compunent of reflected ray propajation
‘frection 1n RCS

TuSR  cheta cr~oconent of reflected ray propagation
direction In RCS
w plate where reflectivn acqurs

OUTPUT VARIABLES
PYIR phi component of incident ray propagattun
direc fon in RCS
THIR thets component of ia: .*nt ray propagation
direction 1) KCS

1

Take doi product of reflected ray prop “atice
direction DR and plate uni tormal ¥k

—
Calculate Yi, the ircident ray direction
~ A FaN AT 4
Ve * DR - 2 VA{YN-DR)

I Retyrn I

SYMBOL DICTIONARY

CPS
TS
ON
IR

&KD
a1
FHI®

St3
ST8
THlk
THSR
v

VIE

COSINE OF PHSR

COSINE OF THSR

CHOLS PRODUCT OF DR AND WN

HEFLECTED RAY PRCPALATION DIRECTION IN X,V 2
RCS CONPONENKIS

ERRLR DETECTION VARIABLE

PLATE UPON WHICK REFLECTION OOCURS

PHl CORPUNENT OF [NCIDENT RAY PROPAGATIUN
DIRECTI V4 ¥ RCS

PHY CONPORENT OF RESLECTED RAY PRUFAGATION
DIRECTION 1N BRCS

SENE OF PuSk

SINE = THSR

THE LA COAPURENT O INCIQENT P21v PRUPAGATICN
DIRECTION N R4S

THETA COv LT (F RESLECTIED RAY PRUPAGATION
DERECTION 1N RS

X,¥.2Z COMPOMENTE OF iNCITENT RAY PRUSAGATION
DiRECTION 1% HuY

P PooORCT OF PLATE RGREAL AND Vi
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CODE LISTING

; 1 C
2 2 SUBKOUTLNE REFBP(PHIR,THIR,PHSR, THSR MHP)
* s oy
4 Cy!t DETERMINME INCIDENT RAY DIRECTION (PHIR,THIR)
- S CH!Y L KRAY REFLECTED FROM PLATE #HP IS [N (PHSP,THSR) DIRECTION.
o Ll
. K DIMENSTOLN DR(I) VI
. COBMON/CEOPLAZX(14,8,3),V(14,6,3),VP(14,6,3)3,VN(14,3)
; v 2 MEP(14),4PX
o CoyuaN/PIS/Pl TP, DPR,RPD
b CPS=COS{PHEH)
- 12 SpS=SIN(PHSA)
13 CTS=COStTHSR)
123 STS=SIILTHSR)
15 PR( 1 IsCPS*STS
‘ io D2 1mSPSeETS
17 DR(3)=CTS
Iy Ct!t TAAE (OT PRODUCT OF DR AND VN
1y DAaVN(RP , ) JSDRC1 )oVHUP, 2)0DR(2) sV LD I )0UR( D)
; 26 C1'!  CALCULATE ¥I, THE INC RAY NIRECTION
. 21! 00 1y N=i1,3
22 v VICGi)sDR (4 )=2, sDUS VN (MP H)
23 LI CONVERT Y1 TO SPHMERICAL ANGLES IN RCS
. 24 PHERMITAR2EVIC2) ,VEC 1))
: 25 THIROBTAN2 (SOHTIVEC )RV (1 36V E2)aVI(2)) ,¥1(3))
20 VIRSWMAP, 1)OVEC 1) OVNENP 2 )0¥] (230VN (4P, 3)aV]( 3)
2% EHDmARS(NSVIN]
P3-] IF(ERD.CT . 1.E~9) HRITE(O,!) ERD,PHER ,THKSR
2v 1 FORMAT(” ZRACKR IN REFBPe 7 ,JF12.5)
de HETURM :
31 Ens




REFCAP
PURPOSE

To calculate the far-zone electric field resulting from the
reflection of the source off of & given cylinder end cap.

3
A 2 ,
D 4l i

AN

\\\\ SOURCE |
N LOCATION
i
\\ i
\
\ j
0 SOURCE IMAGE %
$-4—,_0CATION XIC ’
22 |

e

Figure 89--11lustration of source ray reflection from end cap.

RETHOD .
Tie field ruflected from 3 cylinder end cap is found using ' _ §

image thegry, First the ray path is checked to fnsure that the

ref lection paint f{s On the end cap and that the ray is not shadowed. T

The fields are then calculated using the SOURCE subroutine with

the source coordinates oriented from im3ge theory S0 tLat the proper
boundary conditions are @et at the syrface of the end cap. The
phase is referred Y. the reference coordinate system arigin using

the factor ejkg'ifi‘ The reflected field has the fora

Frssren

oy

£

-§wR
R L]

E(r.0,0) ~ W {EMHaeEPrg) 2

-JhR

Rbtvprs” @

and souice weisht (u-) are adéed elsewhere in
3%
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18 fagher —x

S A e Ay T a wmne - R N




FLOW DIAGARM

REFCAP (ETH,EPH,MC)

INPUT VARTABLES
K end cap for which reflection occurs

OUTPUT YARIABLES

ETH thets component of reflected E-fjeld
with phase referred R0 ACS origin '

EPH phi component uf reflected € field
with phate referred to RCS orfgin

| soectty imege tocation |

Does ray
from imyge pass
through end cap?

reflected ray Mt 3
plate?

A R

Kaowing the reflected ray directica,
ceagute iacicent cay propagatisa
direction

> fogy $mcicent
£ay Ai 2 plate or he
zyiinger surface’

L

!

U Soectfy source thage conrgingte spatee ueil '

i

( Catselate fagisent fiphe gﬁ!éa fazter ] :
i
S .
[ Sefcelate prose tew |

i

i Lonpste refleqted Fialidn ].




SYMBOL DICTIONARY

DHT DISTANCE FROM SOURCE TO HIT POINT ON END CAP (FROM
CAPINT?

DHIT  DISTANCE FRCM SOURCE TO HIT POINT ON PLATE
(FRCM PLAINT)

DI UNIT VECTOR OF INCIDENT RAY PROPAGATION DIRECTION

DN DOT PRODUCT OF REFLECTED RAY PROP DIR AND END CAP UNIT
NORMAL

DNI DOT PRODUCT OF INCIDENT RAY AND END CAP UNIT NORMAL

EF PATIERN FACTOR FOR THETA COMPONENT OF INCIDENT E FIELD

EG PATIERN FACTOR FOR PHI COMPONENT OF INCIDENT E FIELD
EPH PHI COMPONENT OF REFLECTED E FIELD IN RCS

ETH THETA COMPONENT OF REFLECTED E FIELD IMN RCS

EX PHASE TERM

GAM PHASE TERM PARAMETER .

LHIT  SET TRUE IF RAY HITS PLATE(FROM PLAINT)

MC END CAP YHERE REFLECTION QCCURS

N DO LOOP VARIABLE
NC SIGN CHANGE VARIABLE
NI DO LOOP VARIABLE
NJ DO LOOP VARIABLE

VAX XoY,Z COMPONENTS DEFINING THE IMAGE SOURCE
COORDINATE SYSTEM [N (XYZ) RCS COMPONENTS

VN UNIT NORMAL TO END CAP IN RCS (X,Y,Z) COMPONENTS

X1s SOURCE IMAGE LOCATION

a;

.”"
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l CODE LISTING
1 ¢ :
1 2 SUBKOUTINE REFCAP(ETH,EPH,NC)
PRUEL! ,
; 4 C!!!' COMPUIES THE KEFLECTED FIELD FROM THE END CAPS
5 C11! OF THE ELLIPTIC CYLINDER
: o Gl .
I 7 CUMPLEX -E£TH, EPH, EF ,EG,EI X, E1Y,EIZ,EX
_ 8 DIMENSICN- XIS(3),DI(3),VN(3),VAX(3,3)
Y LOGICAL LHIT,LDEBUG, LTEST
10 COMMON/DIR/D(3), THSR,PHSR, SPHS,CPHS, STHS ,CTHS
I COMMON/SORINF/XS(3) ,VXS(3,3)
12 COMMON/ IMCINF/XIC(2,3),VXIC(3,3,2)
¢ 13 COMMON/GEOMEL/A, B, ZC(2), SNC(2) ,CNC(2),CTC(2)
14 COMMON/P1S/P1,TPI,DPK, RPD

15 COMMON/TEST/LDEBUG,LTEST

1o 1F(LDEBUG) WRITE(6,900)

17 %08  FORMAT(/,” DEBUGGING REFCAP SUBROUTINEZ)
18 C1Y! SPECIFY IMAGE LOCATION

Iy DO 5 N=1,3
20 & XIS(N)=XIC(MC,N}
1 21 Clt! DOES RAY FROM IMAGE PASS THRU DISK
22 CALL CAPINT(XIS,D,DHT,4C,LKIT)
23 IF(.NQT.LHIT} GO TO 30
. 24 C!1tY DOES REFL. RAY HIT A PLATE
} 25 CALL PLAINT(XIS,D,DHIT,,LFIT}
, 26 IF(LHIT) GO TO 3@
27 C11t KNOWING OBS. DIR. COMPUTE THE INCIDENT RAY PROPAGATIOM
28 Cti! DIRECTICHN
NC=MC

IF(MC.GT.1) NC==1
VN(1)==NC*CNC(NMC)
32 VN(2)=d.
S VN (3)aNC*SNC (4C)
34 DN=VN(1)2DC1)+VN(2)*D(22+VN(3:*D(3}
35 DO 1@ N=1,3 ;
50 16 DI(N)=DIN) =2 JADN*VN(N) ,
3% CYEt DOES RAY FROM SOURCE HIT A PLATE
b CALL PLAINT(XS,.DI,DHIT,®,LHIT)
3y IF(LHIT.AND. (DHIT.LT.DHI)) GO TO 36
49 Ct1! DOES RAY FROM SOURCE HIT THE CYLINDER
41 DNI=VM(1)*DT (1)+VN(2)%DI (2)+VYN(2)*DI(3)
42 IF(DNI.CGE.0.) GO TO 38
it  SPECIFY SOURCE IMAGE AXES
DO 28 NJ=i,3
45 DO 2@ NI=1,3 .
40 20 VAX(NI,NJ)=VXIC(N]I ,NJ,4C)
47 C1Y4! CALCULATE INCIDENT FIELD PATTERN FACTOR

Griimcd
Lo
-8V

P
L
e

48 CALL SOURCE(EF,EG,EIX,ElY,EIZ,THSR,PHSR,VAX)
4y IF(LDEBULG) WRITE(S,*) XIS
%0 IE{LDEBUG) WRITE(6,*) EF ,EG
51 Ct!! CALCULATE PHASE TERM (REFER PHASE TO RCS ORIGIN)
52 GAM=XIC(NC, 1 )%D( 1) +XIC(NC,2)%N(2)+XICINC, 3} *D( 3)
53 EX=CEXPCMPLX(@. ,TPI*GAM))
54 ETH=EE®EX
b EPH=EG*EX

s 560 RETURN

3 57 30 CONT INUE

- 58 ETH=(¢. @)
by EPH= (U, 40, )
ok IF(.}OT.LTEST) RETURN

1 ol WRITE(6,910) :

g 62 Y10  FORMAT(/,” TESTING REFCAP SUBRCUTINE#)

. 03 WRITE(G6,%) ETH,EPH,MC

64 RETURN
ob END

3%9
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REFCYL
PURPOSE
To calculate the geometrical optics field due to reflection of

the source field off ot the cylinder surface and generate data used
in subroutine SCTCYL.

A
D er

&
SOURCE
LOCATION

Figure 90 -- Geometry of ray reflected from cylinder.

&, = UIPRX £ + UIPRY ¥ + UIPRZ 2

N>

8] = yIppx % + UIPPY § + UIPPZ

e, = URPPX X + URPPY y + URPPZ
UN = UN(1)x + UN(2)y

N>

1t

normal to cylinder

UR = UB(1)X + UB(2)y = tangent to cylinder

¥R = reflection point =% XR(1) + § XR(2) + 2 XR(3)
XS = X XS(1) + ¥ XS(2) + £ XS(3)
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METHOD

Subroutine REFCYL functions as a service routine for subroutine
SCTCYL, where the actual cylinder fields are computed. The geo-
metrical optics reflected field components ETH and EPH computed
in REFCYL are used only for reference purposes (when LOUT is set
true). The field components calculated in REFCYL which are used
in SCTCYL are the hard and soft components of the source field
incident on the cylinder at the reflection point. These components,
along with several other useful parameters are passed to subroutine
SCTCYL through common block FUDG.

The geometrical optics fields [4] in the far field have the
form

. ~Jks
£ = E(g) « Rpop S5

where'Ei(Q ) is the incident field at the reflection point, R is
the dyadicRreflection coefficient, s is the distance from the re-

flection point to the far field, anderpr/s 1srthe fap-fie]d spread

factor for the field. The caustic dis%aﬁces 0 and 0y and further

details to the solution are given on pages 105=107 of“Reference 1 .

The phase of the reflected field is referred to the reference co-
e-jks oo ~JkR

ordinate system origin so that —— = e‘]kD'XR fine- . The re-
flected field then has the form S
__r ~ A e"ij
E = wm(ETHe + EPHo) R
-JjkR

where the factor €
in the code.

R and the source weight (Nm) are added elsewhere
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FLOW DIAGRAM

REFCYL (ETH,EPH)

OUTPUT VARIABLES
ETH theta component of reflected E-field
EPH phi component of reflected Eefield

Can
source illuminate

tylinder?

“ource and observation point
gn same side of cylinder

Is
abservation point in
shadow zone of
infinite cylinder

No

l Calculate reflection point, ¥R ]

Is
reflection i)legal?

Is
reflectiqn point off of
finite cylinder?

L R
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- Yes

Is
reflected ray shadowed
by a plate?

Does
incident ray hit a plate before
the cylinder?

Calculate incident field
pattern factor

Computs polarization unit vectors
(normal and tangent to the
plane of incidence)

Compute incident field components
perpendicular and parallel to the
plane of incidence

Compute reflected field components
perpendicular and parallel to the
plane of incidence

Compute reflected field components
in {x,y,2) RCS

i

Compute theta and phi components
of reflected field in RCS
(ETH,EPH)

Compute theta and phi components of
hard and soft components of
field incident on cylinder

L?:C . ;alse
LYRF s True
LRFC » True
Se% TR » True
L

-y

' I Return l

A3




SYMBOL DICTIONARY :

CTHI  DOT PRODUCT OF CYLINDER NORMAL AND REFL PROP DIR UNIT VECTOR

CH COSINE OF WR

D PROPAGATION DIRECTION AFTER REFL. IN (X,Y,Z) RCS COMPONEMTS

Di2 DOT PRODUCT OF SOURCE VECTORS TANGENT TO CYLINDER. (2-D)

DD NORMALIZATION CONSTANT FOR REFL. PT, UNIT NORMAL (FROM RFPTCL)

Dbl DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND
CYLINDER TANGENT UNIT VECTOR THROUGH TAN POINT 1 (2-D)

DD2 DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND
CYLINDER TANGENT UNIT VECTOR THRQUGH TAN POINT 2 (2-D)

DHIT  DISTANCE FROM SQURCE TOQ HIT POINT (FROM PLAINT)

DI XsY, AND Z COMPONENTS OF INCIDENT RAY DIRECTION IN RCS

DOTP  DIFFERENCE OF DOT PRODUCTS RETURNED FROM SUB RFPTCL (2-D)

DXY DOT PRODUCT OF VECTOR FROM ORIGIN TO SOURCE AMD PROP. DIR (2-D)

EF PATLERN FACTOR OF THETA COMPONENT OF INCIDENT FIELD IN RCS

EG PATTERN FACTOR OF PHI CQMPONENT OF INCIDENT FIELD IN RCS

EHFH  PH1 COMPONENT OF THE HARD COMPONENT OF FIELD INC ON CYL

EHIH  THE1A COMPONENT OF THE HARD COMPONENT OF FIELD INC ON CYL

EIPP  INCIDENT FIELD COMPONENT PARALLEL TO PLANE OF INCIDENCE L

EIPR  INCIDENT FIELD CCMPONENT PERPENDICULAR TO PLANE OF INC

EPH PHI COMPONENT OF REFLECTED E-FIELD

ERPP  KEFLECTED FIELD COMPONENT PARALLEL TO PLANE OF INCIDENCE

ERPR, REFLECTED FIELD COMPONENT PERPENDICULAR TO PLANE OF INC. 1

ERX XyY,Z COMPONENTS OF REFLECTED FIELD IN RCS B

ERY (ALSO USED TO DEFINE COMPONENTS INCIDENT ON

ERZ CYLINDER)

ESPH  PHI COMPONENT OF THE SOFT COMPONENT OF FIELD INC ON CYL

ESTH  THETA COMPONENT OF THE SOFT COMPONENT OF FIELD INC ON CYL

ETH THETA COMPONENT OF REFLECTED E FIELD

EY PATIERN FACTOR OF X,Y,Z COMPONENTS OF INCIDENT FIELD IN RCS

LHI SET TRUE IF RAY HITS PLATE (FROM PLAINT)
LRFC  SET TRUE IF REFL DATA IS AVAILABLE FROM PREVIOUS PATTERN
ANGLE (OR FOR MEXT PATTERN ANGLE WHEN LEAVING ROUTINE)
LTRF  SET TRUE IF G.0. REFLECTED FIELD DOES NOT EXIST
PH PHASE AND MAGNITUDE CONSTANT FOR INCIDENT OR REFLECTED FIELD
PHIR  PHI COMPONENT OF INCIDENT RAY DIRECTION
RG PARAMETER USED IN TRANSITION FUNCTION
RHO!  RAY SPREADING RADIUS IN PLANE OF CYL CURVATURE AT REFL. PT.
RHO2  RAY SPREADTNG RADIUS IN PLANE MORW:? TO PLANE
OF INCIDENCE AT REFLECTIUN POINT i

s DISTANCE FROM SOURCE TO REFL. POINT IN X=Y PLANE

SMAG  DISTANCE FROM SOURCE TO REFLECTION POINT

SORH  SPREADING FACTOR E
S SINE OF WR :
SXN

SYN Xo¥, AND Z COMPONENTS OF UNIT VECTOR OF RAY FROM REFL.
SZN POINT TO SOURCE IN RCS
THIK  THEIA COMPONENT OF INCIDENT RAY DIRECTION i
THAN  PARAMETER USED IN TRANSITION FUNCTION
TXI X COMPONENT OF SOURCE VECTOR TANGENT TO TAN POINT | (2-D)
X2 X COMPONENT OF SOURCE VECTOR TANGENT TO TAN POINT 2 (2-D)
TY!} Y COMPONENT OF SOURCE VECTOR TANGENT TO TAN POINT t (2-D) :
TY2 Y COMPONENT OF SQURCE VECTOR TANGENT TO TAN POINT 2 (2=D) ;
uB Xy ¥ COMPONENTS OF UNIT VECTOR TANGENT TO CYLINDER

REFLECTIUN POINT [N RCS (2-0)

ULrPY » X,Y,2 COMPONENTS OF INCIDENT FLELD POLARIZATION UNIT VECTOR
UIPPZ] PARALLEL TO PLANE OF INCIDENCE

UIPRY $ X,Y,Z COMPONENTS OF INC/REFL FIELD POLARIZATION UNIT VECTOR
UIPRZ) PERPENDICULAR TO PLANE OF INCIDENCE
UN XY COMPONENTS OF UNIT NORMAL TO CYLINDER REFL

POINT IN HCS (2-D
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UkEPA S
URLPY) X,Y,Z COMPONENTS OF REFL FIELD POLARIZATION UNIT VECTOR
URPPZ)Y PARALLEL TO PLANE OF JNCIDENCE
Vi ELL. ANGLE DEFINING REFLECTION POINT IN ERCS.
VLS X4Y,Z COMPONENTS OF UNIT VECTORS DEFINING SOURCE
COORDINATE SYSTEM AXES IN RCS
WR PHI ANGLE DEFINING PROPAGATION
DIRECTION IN CYL REFL. POINT COORD SYSTEM
xR LOCATION OF REFLECTION POINT IN (X,Y,Z) REF COORD SYS.

345

B A e C e eganca e o eeme e s




CODE LISTING ¥
1 ¢
2 SUBROUTINE REFCYL(ETH,EPH)
ENNTY |
; ci:! COMPUTES THE REFLECTED FIELD OF THME ELLIPTIC CYLINDER -
cre
o DIMENSIUN UN(2),UB(2),DI(3)
5 COMPLEX ETH,EPH, EX,EY,EZ,PH,EIPR,E1PP,ERX,ERY, ERZ, ERPR ,ERPP g
8 COMPLEX ESTH,ESPH,EHTH,EHPH,TRAN,EF,EG
y LOGICAL LHIT,LRFC,LTRF ,LDERIG,LTEST
Ic COMMUN/FUDG/ TRAN ,F STH, ESPH , EHTH, EHPH, XR( 3), RG, RHOI , SMAG, LTRF )
oF COMMON/GEOMEL/ 8, B, ZC(2) , SNC(2) ,CNC(2),CTC(2) i
12 COMMON/SORIMF/XS(3),VXS(3,3) 1
13 COMMON/P1S/PL,TPI ,DPR, RPD
14 CUMMON/DIR/D(3), THSR ,PHSR, SPS, CPS, STHS.CTHS
15 COMMON/THPHUV/DT(3),DP(2)
lo COMMON/ENDSCL/NTS VIS(2) ,BTS(4) 3
15 CUNMUN/VEST/LI)EBUG,LTEST .
18 COMMON/CLRFC/LRFC
Iy 1r (LDEBUG) WRITE(6,970)
20 @  FORMAT(/,.” DERUGGING REFCYL SUBROUTINE’)
21 LTRF=.FALSE.
22 C1Y CAR SOURKCE ILLUMINATE CYLINDER? :
) IFDTS.LT.~1.5) GO TO 12
24 DXY=XS(1)#CPS+XS (2 )EPS
25 Ci1! IS SOURCE AND ORSERVATION POINT ON SAME SIDE OF CYLINDER? i
25 IF(DXY.0T.@.) GO TO 12 .
27 DI12sDTS
<E TXi=8TS( 1)
2% TY1=R15¢2) i
I TXN2=KTS( ) l
31 1¥2=P15¢ )
R LDV =TX I8P S+TY 1% SPS
ol [N2=TX2wCPS+TY2%SPS ‘
24 LI 1S OBSERVATION POINT IN SHADOW ZONE OF INFINITE CYLINDER? |
3% IF(DD1.GT.DI2.AND.DD2.GT.D12) GO TO 12 1
36 lu CONT INUE
3% €YY CALCULATE KEFLECTION POINT :
38 CALL HFPTCLCPHSR ,0,VR,DOTP, DD, S, LRFC) ;
3¢ [F (LDEBUG) WRITE(6,*) VR,DOTP,MD,S,LRFC {
<u Ct!l 1S WEFLECTION ILLEGAL?
Py IE(DOT2.LE.£1.0G0 TO 1t
42 XK1 )mARCOS( Vi) )
< XH(2 )mBeSIN(VR) }
44 XK(3)mLs (319 ECTHS/STHS i
4% LIt 1S REFLECTION POINT OFF OF FINITE CYLINDER? :
s IFEXKE3).GT.2CCI Yo XA jCTCC 1) . OR,
&5 QXREIILTLZCC2I*XREIICTCL2)) 50 TO 1) =
46 L1111 IS REFLECTED AAY SHANOKED BY A PLATE? i
4y CALL PLAINTCXR,D DHIT Q. LHIT) i
uil IFLLHIT) GO 10 11
yl SKNeXSt1)=XR(1) _ _
L2 SYMRXS(2)-XR(2) ' T
Y3 SZNn-S e THE/ STHS : I
H¢ SAAGESORT (SXERSXNPSYNRSYNe SZReSZ ) -
£y SXNeSIN/SNAG - _
Yo SYNRSYN/SNAC
oy SAn B2/ SHAL i
Lo PElLkeBTIN2 F=~SFh, ~5XN)
Yy THIheHTANI CSLKT O SXNRS AN SYNOSYH ) ,=52N)
o MO ISUCSERHTE @ SINCTHER)
ol BLE e8I REDHE Y« SENCTHER )
o Lt racLs (T 7
a. Uit POES [HCIOENT RAY HIT PLATE REFORE OV IRDER?
oa CALL PLAINTOXS, DL DMIT.ALHID)
oy Ir (LHIT, AlD, (RI T.LT.SMAB) ) G TO 11
e 31N CALUKLATE IMCIDENT FIELD PATIERN FACTORS i
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CALL SOUNCE(EF ,EG,EX,EY,FZ, THIR,PHIR,VXE)
IE(LDEBUG) WhITE(G,.2) EF ,EG

HG=DDs DDwI/ A/ B

CALL NANDBCUN,UB,VH)

CTHI=UNC 1) 2=DCE)I*UN(2)21(2)

WHBTAN2 (SXH+UB( | ) #SYNMIB(2) ,SZF)

SWaSTH(K)

ChimCQS(RR)Y

SST2=SRASHCHsCHACTHI#CTHI

RHO2=SMAG

HHO 1 sSMAGHYHGECTHI/Z (RGACTH] #2 .#SKG#SST2)
IF(LDEBUG) WHITE(6.*) RO KKOI,RHQ2,CTHI, S872
COMPUTE FIELD POLARIZATION UNIT VECTCRS (PERPENDICULAR
AND PARALLEL TO PLAME OF {NMCIDENCE)
UIPRX=SINCWR=P1/2.)2UB(1)
UIPRY=SINCWHR~P]/2.)2UB(2)

UIPRI=COS(HR=-P1/2.)

U PPX=SYN*Ul PHZ~SZN*U] PRY

Ul PPY=SZN*U] PRX~SXN#li] PRZ
UIPPZaSANSULPRY-SYNSU]PRX

UHPP X=UIPHYeD( ) ~UIPRI*D(2)
URPPY=U] PRZ#D( 1) -ULIPRE*D(3)
URPPZ=sULPRXwDN2)=-UIPRYSI(1)
PHeCEXP(CUHPLX{ 3. ,~TPJ#SUAG)) /SYAG

COMPUTE IMCIDENT FIELD CCMELONENTS FERPENDICULAR AND
PARALLEL TO PLAME OF IRCIDEMCE

EIPK=a¢ ]I PRX®EX+UIPRY*EYSUIPRZ#E2)

EIPPs(Ul PPX#EX+UIPPYSEYe L] PPZREZ)

PHSPHECEXP (CMPLX(B. , TRPI®{XRC 1)1 )+ XR(2)0D(2)IXRCZ1£D(3IN) ))
SQRH=SChT(RHCI#RHO2)

COMPUTE KEFLECTED FIELD COMPONENTS PEEPENDICULAR AYD
PAHALLEL TO PLAME OF INCIDEICE

ERPrm=SCRHWPH? T PR

EkPP»SQntiN PHeE] PP

THAN=SOhliePH

CUdPUTE REFLECTED FIELD CORPONENTS IN (XYZ) RCS COMPOMENTS
S X=ERPhoU  PRXSERPPRURPPX
EdY=EuPheU ] PRYSENPPURPPY

EHZuEHPhwU | PRZSEHPORURPPZ

CONPUTE THI™a 8D PHI CQMPONENTS OF REFLECTEN FIELD IH RCS
ETHERLIC 1 JoERYODT (2 ) ENZeITL D)
EPHuERXeDR (| JoBIIYONP Q)

CONPUTE THETA AND PHI CONPOXENTS OF HARD AND SOFT
CURRUNERTS OF FLELD INCIOENT O CYLI'G-EK
EHXeEPLeUPRX

ERY=b i Pret} [ PRY

EN2ebkiPhel[PRE

ESTUsERAODTE 12 oERYONTI2) SENZeHT(

ESPHRERNSNRE 1) oBilye R 2)

T CHY a0

Eilyas} PPetilipOY

EHewE ] P eUKPF!

EHTHSEHRSDT 12 +ERYeDTI2) oZR2 DT )

ElpHaLRIo)IPL 1) oY )DL 2)

GO TC Wy '

LwrCn PALSE,

Likre, ThUE.,

ErHet, P, 2

Ertnia. g, )

CUN, Tk

Tr MOELTESTY QFTURE

il ibia, v 1)

FUHTACLZ ¢ TESTING REFCYL SURROCTINEYS

wi ] TELD,9) ESH EOF

*L UM

B

w7




S

R SR

Ty

REFPLA
PURPOSE

To calculate the far-zone electric field due to single reflection
off of a given plate.

PERTINENT GEOMETRY

SOURCE
LOCATION
N
oL
’
4
, ‘\\‘~PLATEfuP
/
/
7
/

/' _SOURCE IMAGE
{* LOCATION XIS

Figure 91-- Geometry for source ray reflection from plate
XIS = % x15(1) + y x15{2) + & 11S(3)
Ol = 2 DI(1) + ¥ DI(2) + & DI(3)
RETHOD

The reflected field from a plate is found using image theory,
First the ray path is checked to insura that the reflection point is
on the plate and that the ray path is not shadowed. The fields are
then calculated using the SOURCE subroutine with the scurce cgordinates
oriented iron image theory so that the proper boundary conditions are
met at the surface of the plate. The phase is referred to the reference

caordinate system origin using the factor jkD'iTE; The reflected

field has the form
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(r,0,¢ . o E:gti .
0:9) = Um(ERTG + ERP¢) R

-JkR _
The factor S—— and the source current weight (W ) are added elsewhere
in the ccde. © :
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FLOY DIAGRAM

EFPLA (ERT ERP ,P)

INPUT VARLABLE
W late whare reflection occurs

QUTPUT VARTABLES
ERT  Theta component of reflected field
in RCS
ERP  PH component of reflected field
in RCS

|

Specify image locstion

Qoes .
ray feam tource fmage pas
tarcugh plete W07

Boes
reflected ray At anoihe?
plate o» & cylinders

Compule ingtdant ray
direztton 2

InZidant g MY gAgIinge
plate ¢ 3 cytinder?
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SYMBOL DICTIONARY

CPHI
CPHS
CTHI
CTHS
D
DRIT
OHT
v}
CF
&6
EIx
Ely
ElZ
EX
GAN
LHIT
Mp
Nl

NJ
PHlk
PHSR
SPHL
SPKHS
STal
THIK
THSR
VAL

i
s

is

COSINE OF PHIR

COSINE OF PHSR

COSINE OF THIR

COSINE OF THS?

X,Y,2 COMPONENTS OF RAY PROPAGATION DIRECTION
AFTER REFLECTION IN RCS

DISTANCE FRUM SOURCE TO REFLECTION POINT

(FRON PLAINT)

DISTANCE FROK SOURCE TO HIT POINT (FROM PLAINT
AND CYLINT)

X,Y,Z, CONPONENTS OF INCIDENT RAY PROPAGATION
DIRECTION [N RCS

PATTERN FACTOR FOR THETA COMPONENT OF SOUACE
FIELD IN RCS

PATIEKN FACTOR FOR PHI COMPONENT OF SOURCE
FIELD IN RCS

NOT USED

NOT USED

NOT USED

COMPLEX PHASE FACTOR (CEXP(J*TPISGAM))

PHASE DISTANCE TO ORIGIN (DOT PRODUCT OF IMAGE
LSCATION AND REFLECTED RAY PROPAGAYION DIRECTION)
SET TRUE IF HAY INTERSECTS A PLATE OR CYLINDER
(FROM OLAINT OR CYLINT)

PLAIE FRON MHICH REFLECTION OCCURS

DO LOOP VARIABLE

DO LOOP VARIABLE

DO LOOP VARIABLE

PHI COMPONENT OF INCIDENT RAY PROPAGATIOMN
DIRECTION [N RCS

P11 CORPONENT OF RAY PROPAGATION DIRECTION
APTER REFLECTION [N RCS

SINE UF PRIk

SINE OF PHSH

SINE OF TMIR

InElA CONPONENT CF [NCIDENT RAY PROPAGATION

DIRECTION IR RCS

THETA COMPORENT CF RAY PROPACATION DIRECTION
AFTER REFLECTION lN RCS

1,Y,2 COMPOMENTS DEFIRING UMIT VECTORS OF THE
SOUNCE [MAGS CCOKDINATE SYSTEM AXES IN RCS
TRIPLY DIMENSIONED ARRAY OF [MAGE LOCATIONS
%, ¥, CONPONENTS OF SCURCE [HACE LOCATION
(SINGLE REFLECTION FRON PLATE uP)

SOURCE LOCATION IN (X,Y,2) REF COORD 5YS.
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SUBHOUTINE REFPLACERT,ERP,MP)
ey
Ci1t  DETERMINES THE REFLECTED FIELD FROM PLATE #MP WITH PHASE
Citt REFERRED TO THE ORIGIN,
et

COMPLEX EF ,EG,EX,ERT,ERP,EIX,EIY,.EIZ
DIMENSION XI1S(3),01(3),VAX(3,3)
LOGICAL LHIT
LOGICAL LDEBUG,LTEST
COMMON/TEST/LDEBYUG,LTEST
COMMON/DIR/D(3), THSR, PHSR, SPHS,CPHS  STHS ,CTHS
COMMON/GECQPLA/X( 14,8,3),V(14,6,3),VP(14,6,3),VN(14,3)

2 JMEPC14) JMPX
COMMON/SCRINF/XS(3),VXS(3,2)
COMMON/IMAINF/XI (14, 14,3),VXI(3,3, 14}
COMMON/PIS/PI,TP1,DPR,RPD
1+ (LDEBUG) WRITE (6,181%)

101 FORMAT (/.7 DEBUGGING REFPLA SUBROUTIMEZ)

s LUt SPECIFY IMAGE LOCATION.

DO 5 N=1,3
b XIS(M)=XI (MP,MP, M)
CtIt DOES RAY FROW SOURCE IMAGE PASS THRU PLATE

CALL PLAINT(XIS,D,DHIT,-4P,LHIT)
I¥ (. NOT.LHIT) GO TO 30

cr!'y DOES kEFL, KAY HIT ANOTHER PLATE.
CALL PLAINTC(XIS,D,DHT MP,LHIT)
IF(LHIT) GO 10 30

Ct!t DOES REFL. RAY HIT A CYLINDER,
CALL CYLINT(XIS,N,PHSR,DHT,LHIT, . TRUE.)
IF(LHIT) GO TO 10

Cttr  KNOWING RAD. DIR. COMPUTE THE INCIDENT RAY DIRECTION
CALL KEFBP(PEIR, THIR,PHSR, THSR ,¥P)
IF (LDEEUG) VRITE (6,%) PHIR,THIR,PHSR,THSR,MP
SPHI=SIK{PHI )
CPHI =COS (PHIK)
STHI=SIM(THIR)
CTHI=COS(THIR)
D1 (1) =CPHI*STHI
DI(2)=SPI [ *STHI
DI (3)=CTH]

CH!! DOES RAY FROM SOURCE HIT ANOTHER PLATE,
CALL PLAINT(XS,DI,DHT, MP,LHIT)
IF (LHIT. AND. (DHT.LT.DHIT)) GO TO 3@

Ct!! DOES RAY FROM SOURCE HIT A CYLINDER.
CALL CYLINT(XS,DI,PHIR,DHT,LHIT, .FALSE)
IE (LHIT.AND. (DHT.LT.DHIT)) GO TO 3@
DO 20 NJ=1,3
DO 20 Ml=1,3

20 VAX(NL,NJ)=VXTINI(NJ,MP)

Clit CALCULATE SOURCE FIELD PATTERN FACTOR
CALL SOURCE(EF ,EG,EIX,EIY,EIZ, THSR,PHSR,VAX)
IF (LDEEUG) WRITE (6,+) EF,EG

Clit COMPUTE PHASE REFERRED TO TRE ORIGIN,
GAM=XT (MP MP, 1)%D( 1)+XTCMP (P, 2) %D (2 )+ X1 (P MP,3) %[ 3)
EX=CEXP(CMPLX(. ,TPI*GAM))
ERT=EF*EX
ERP=EG*EX
¢0 16 |

‘0 CONTIHUE
ERT= (. 440 )
EkP= (0., 00)

x [F (LNOT.LTEST) GO TO 2

KRITE (6,3)

3 FORMAT (/,” TESTING REFPLA SUBROUTINE/)

WKITh (c,%) EWT,ERP,MP

RETURN

END

[
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RFDFIN
PURPOSE

To determine the reflection point on an elliptic cylinder for a
given source and observation location in the near field of the cylinder.

PERTINENT GEOMETRY

!h B |' ! aindl r‘ 4 C d ! .4-‘.' ! I,.ii.‘ l, ii'

SOURCE LOCATION
X35

o R

- OB8SERVATION

POINT XC
S Figure 92-- Illustration of a reflection point on a cylinder for
Cod a near field observation point.
- XS = X XS(1) + ¥ XS(2) + Z XS(3)
oy — A n n

% XR = x XR(1) + y XR(2) + z XR(3)
: §' XC = X XC(1) + § XC(2) + 2 XC(3)

= METHOD

E' This subroutine solves a polynomial equation, the roots which

- define possible reflection point locations. The true point is singled

_ out using the laws of reflection.

i
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FLOW DIAGRAM

RFOFIN (VR,UR,V],XC)

INPUT VARIABLE
XL x,y, and 2z components of the

observation point in the near field R
of the cylinder

OYTPUT VARIABLES
VR elliptical angle defining (x and y
components of) reflection point
UR z component of reflection point on
cylinder in RCS
Vvl x,y and 2 components of reflected ray
propagation direction

Determine coefficients of
pslynomial equation

Solve polynomial equation to
obtain possible refle_tion points

Determine physically correct
reflection points (satisfy law
of reflection)

‘ Return l

SYMBOL DICTIONARY

CA COMPLEX COEFFICIENTS OF SIXTH ORDER POLYNOMIAL EGUATION
R HOOTS OF POLYNOMIAL EQUATION
S SMALLEST DISTANCE FROM SOURCE TQ REFLECTION POINT
TO CBSERVATION POINT
SM DISTANCE FROM SOURCE TO REFLECTION POINT PLUS THE
gé?{?NCE FROM THE REFLECTION POINT TO THE OBSERVATION
V l"l

ELL ANGLE DEFINING POSSIBLF REFLECTION POINT ON CYL
VIK MNORMALIZATION CONSTANT FOR V

Xk XyY,2Z COMPONENTS OF REFLECTION POINT LCCATION. ON
CYLINDER

354
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1 CODE LISTING
i {¢c
{ p SUBKOUTINE RFUFIN{VR,UR,VI,XC)
RO
) 4 ' DETEHMINES THE MEAR FIELD REFLECTION POINT FROM AN
{ 5 ¢ttt ELLIPTIC CYLINDER
: o i
s Y] COMPLEX CA(7),RT(6)
& DIMENSION XR(3),VI(31,XC(3)
Y CORHON/GEOMEL/A, B,ZC(2) , SNC(2) ,CHC(2),CTC(2)
; 1o COMKON/Z SORINF/ZXS(3),VXS(3,3)
i 11 Ut DETEKMINE COEFFICIENTS OF FOLYNOMIAL EQUATION
12 CACT)=S(A*A=BRBIXCHPLX (A% (XC(2)+X5(2) ), BX(XCC1)+XS(1)I )
. 13 CA(0)==2 . «CMPLX( { A%A+B*B )k (XSC 1)4XC( 23 +XS{2)%XC( 1))
i 14 2,2 K AKRBR(AXA=BRB4XS( 1) *XC( 1)=XS(2I*XC(23 )
: 15 CA (S )=CHPLX (A% (5 . BxB= A% A) *( XS(2)}+XC(2))
: 16 2,BR (5. kp*A=BHB I (XSC1I+XC( 1))
1 CAC4)=CUPLX( 4, *(A*A—B*B)*(XS(I)*XC(Z)*XS(Z)*KC(I)) 2.)
; 18 CA{3)=CONJG(CA(S
i 1y CA(&):CCNJG(CA(G))
) 21 CAC1)=CUMIGICA(T)) .
21 CH!t SOLVE PCLYNOMIAL EQUATION TO OBTAIM POSSIBLE
i 22 ¢! KEFLECTiON POINTS
i 23 CALL POLYRT(6,CA,RT)
{ 24 VR=BTANZ2 CATMAG(RT(T) ), BEAL(RTC ) )
: 2b S=SORTLCAXCOS(VRI=XS (1)) %24 (BxSIH({VR)=XS(2) 1 %*2)
2¢ S=S+SART ((XC (1 )=AXCOS(VR )) %% 2+ (XC(2) =PASIN(VR) ) %+2)

27 Lt DETERMINE PHYSICALLY LOMRFLI REFLcCTIQN POINTS

! 28 Ct4t (SATISFY LA% OF REFLECTION
} 2y DO 19 1=2,6
b VM=BXAN2 (AIMAGIRT(I 1), REAL(RTCI) 1)
31 XRCT)=A%COS (V)
H e XH(2)=BASINCVY)
i 33 SHAES(XRCI)=XSCI) A {XROI)I =XSCT I+ (XR(2)=XS(2) IR (XR(2)=X5(2))
: ie © SMB=(XCO1I=XR{1) ™ (XCUI)=XRU 1) I+ LXCI2I=XR(2 ) )% (XCL2)=4AR(2))
35 SM=SQRT ( SHAS+5QR [{ SMB) .
. 20 IF(S.,LE.S4) GO TO i@
2 Ky S= 35
‘ 38 VH=VM
T CONTINUE
4y SNV=SIN(VR)
T 41 CSV=COS (VR
3 42 XR{1)=A*CSY
.. 45 XH{2)=B*SNV
44 SHX=R*CSV
. 45 SNY=AXShV
g 40 SIX=XK(1)=X5(1) )
i, 47 SIY=AR(2)-XS(2)
¢ " 4b VI(1)=XCOI=XR(1 )
- 44 VI(2)=XC(2)=)R(2)
. oY) SND=SHX*VI (1) +SHY*VI (2)
% 51 SNI=SNX*ST X+SHY*S]Y
i $2 XR(3)=( EMD*XS(3)=SNI*#XCC 3) 3/ (SND=SNI)
53 UN=XR(3)
. b4 VI(3)=XC(3)=Xh(3)
§ uh VIN=SORT (VIO DI VI (I 4VIC2)%VI(2I4VI(3I%VI(3))
R 50 DO 20 N=al,3
g% 51 Zw VI=VIQNDZVIY
: Y] RETURN

END

$iiziand
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RFDFPT
PURPOSE

To compute the ray path for a source ray which is reflected by
the cylinder and then diffracted by a given edge on a given plate.

PERTINENT GEOMETRY

Z
SOURCE
N\\\_____// | LOCATION

XS

REFLECTION
POINT XR

"
\ .
X DIFFRACTION:
POINT XD

Figure 93-~I1lustration of ray reflected from cylinder and
thep diffracted by a plate edge.

o>

=

X XR(1) + ¥ XR(2) + Z XR(3)
X XD(1) + ¥ XB(2) + 2 XD(3)

g

356




i METHOD

The reflection point on an elliptic cylinder and the diffraction
‘ point on a plate edge for the reflected-diffracted ray in a given
observation direction is caiculated via an iterative process. The
L equations are based on a first order Taylor series approximation to
the equations governing the laws of reflection and diffraction. The
detaits of tha analysis are given on pages 141-148 of Reference 1.
{. The iteration process follows the same basic scheme outlined in the
write up for subroutine RFPTCL. The initial start up procedure for
. this subroutine is composed of l1ocating the reflection point on the
i cylinder for a known diffraction point which is taken to be on the
' corners of the plate edge under consideration. The details of this
procedure are discussed on pages 149-154 of Reference 1.

PRI PRy B cottasi P S

357

E

P




R

FLOW DIAGRAM

DE,

Mp
ME
LRDC

OE
QUTPUT VARL
VR

xR
DoTP
SNM
VIM
vl
X0
ORM
OR

LRDC

Note - LROC

RFOFPT (VR,XR,DOTP.SNF)\,VXN,VX,XD.DRH.DR.

ME,MP,LRDC

INPUT VARIABLES

plate where diffraction occurs

edge on plate ME where diffraction occurs
set true if starting point data from
previous pattern cut is available

dot product of diffracted ray direction
and edge vector of edge ME ’

ABLES

elliptical angle defining reflection
point on cylinder {2-D)

x,y,z components of reflection point

on cylinder

test parameter used to determine if re-
flection is legal

normalization constant for cylinder tangent
distance from source to reflection point
X,¥,2 components of unit vector of ray
from source to reflection point

X,¥,2 components of diffraction point
location

distance from reflection point to the
diffraction point

unit vector of ray from reflection point
to diffraction point

set true if starting point data is avail-
able for next time RFOFPT is called

is used both as input and output variable

[

Place branch cut behind cylinder
from edge ME

Compute starting point (pp. 150-152, Reference 1)

Is
starting point data available from
previous pattern angle?

l

Step through corners on

edge ME

diffracti

Choose which corner to use as

on starting point
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Specify number of steps to
be used in iteration

| Specify fteration starting point |

Perform 1VDP~-step iterations to

numerically compute reflection ——aee—eemy

and diffraction points

Step through angles defining
diffracted ray propagation

direction

Compute old reflection point
on cylinder

l
l

Find old diffraction point, knuwing
radiation direction an¢ holding
cylinder reflection poin® constant

foMpute new reflection pownt
an cylinder

—

Yest to sez (f computed reflection
and 4iffractian painty satisfv laws
of reflection and diffraction

l

If arror is too big, double number
of steps and repeat iteration

]

If error is very small,
divide number of steps in
hatt for next tice RFOFPY

is called

LROC» TRUE. |

Store paraactzrs for use as
starttng paint next time
RFOFPT 15 called

v

e

Is

the maxizum
~unber of eleps
£32) reached

Write warning wessage
in outpul file

LR0Cs FALSE, }

| Return l
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SYMBOL DICTIONARY

e
oep
DCT

DPSR
DR

DHP
DHT
DkU
DRV
DTSR
Uy
Dv
ERC
Fl
Fp
ET
FU
Fv
Gl
cp
GT
GU
Gv
IVD
LkDC

PHCH
PHO#

PHCOKP

PiiSPH

SHPX
Sy
SHX
Shy
S1p
THCH

THUK

Uk
Ut
vi
viu
viv
Vi
VU

X
XK

X,Y,Z COMPONENTS OF DIFFRACTED RAY PROPAGATION
DIRECTION USED IN ITERATION

Xy Y COHPONENTS OF PHI POLARIZATION UNIT VECTOR
FOR DIFFRACTED RAY USED IN ITERATION

XyYsZ COMPOMENTS OF THETA POLARIZATION UNIT VECTOR
FOR DIFFHACTED RAY USED IN ITERATIOM

PHI ANGLE INCREMENT SIZE

XoY,Z COMPONENTS OF RAY DIRECTION BETWEEN
REFLECTION AND DIFFRACTION

PARTIAL DEKIVATIVE OF DR WITH RESPECT TO PHI
PAR1IAL DERIVATIVE OF DR WITH RESPECT TO THETA
PARTIAL DERIVATIVE OF DR WITH RESPECT TO UR
PARTIAL DERIVATIVE OF DR WITH RESPECT TG VR
THETA ANGLE INCREMENT SIZE

CHALGE IM Uk FOR OHE ITERATION USING TAYLOR SERIES EXPAMSION
CHANGE IN VR FOR ONE ITERATION USING TAYLOR SERIES EXPANSION

ERRCR DETECIIOM VARIABLE

EQUATION GOVERNING THE LAW OF REFLECTIOM
PARTIAL DERIVATIVE OF FI WITH RESPECT TO PHI
PARTIAL DERIVATIVE OF FI WITH RESPECT TO THETA
PARTIAL DERIVATIVE OF FI MITH RESPECT TO !'"R
PARTIAL DERIVATIVE OF FI WITH RESPRCT TO VR
EQUATION GOVERNING THE LAW OF REFLECTION
PARTIAL DERIVATIVE OF Gl WITH RESPECT TO PHI
PARYIAL DERIVATIVE OF GI WITK RESPZCT TO THETA
PARTIAL NERIVATIVE OF GI WITH RESPECT TO UR
PARTIAL DERIVATIVL OF GI WITH RESPLC1 TO VR
STORED NUMBER OF STESS USED IN ITERATICN

SET TRUE [F STARTING POINT DATA IS AVAILABLE
FROM PREVIOUS PAITERN ANGLE

PHI COMPONENT CF DIFFRACTED RAY DRIRECTIOM

USED N [TEKATLION

FHl COMPONENT CF DIFFRACTED RAY DIRECTION

Yom PREVIONS TINE RFDFPT ®AS CALLED (CR

PRESENT VALUE FOR MEXT TIME ROUTINE IS CALLED)
PHI AMGLE OF DIFFRACTED RAY DIRECTICH I

HOTATED RCS SYSTEM (BRANCH CUT PLACED

BEHIED CYL)

PHI ANGLE OF DIFFRACTED BAY DIRECTIONM [H

KOATED HCS SYSTEM (BRANCH CUT PLACED REH]MD
CYLINDEL®)

PAQLIAL NERIVATIVE OF SMNX WITH RESPECT 7., MIGLE YR
PARTIAL DERIVATIVE OF SNY WITH RESPECT TO ANGLE VR
X COMPOMENT OF MCHMAL TC CYLINDER

Y COMPONENT OF NOWMAL TQ CYLINDER

MUMBER OF SIEPS USED IN ITERATION

THE1A COMPONENT OF D]FFRACTED RAY DIRECTION

USED IN ITEkATION

THETA COYPONENT OF DIFFRACTED RAY NIRECTINN FROM
PREVIOUS TIVE RFDFPT WAS CALLED (OR FOR

NEXT TIME HOUTINE IS CALLED)

Z CUNPOHENT OF WEFLETTIOM POINT

LCCATIGH OH CYLINDER

STUKED CUMPOKENTS DERINING 2 CCMPOKENT OF STARTING
POINT LOCATIONS ON CYLINUER

Xa¥oZ COMPONEINTS OF DIRECTION OF RAY INCIUENT

Ut CYLINDER

PAKCTAL CEHIVATIVE OF VI UITH RESPECT TO 'R
PARTIAL DEXIVATIVE OF v WITF RESPECT TO a2GLE vR
ELL ANGLE DLEINIPG QEFLECTION

POINT ON CYLINDELK

STCRED ©LL ARGLES QEFINIFG STARTING REFLECTION POINT LOCATIONS

O CYL L ERN

Ao Yo L COMPUKENTS OF DIFERACTION POINT LOCATIOR
Xy ¥, 2 CUMPORENTS OF REFLECTION POLNT

LUCATION ON CYLIUER
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! CODE LISTING

(% -
2 SULROUTINE RFDFPT(VR,XR,0D0TP ,SHM,Viiu,V]1,XD,DAYU,DR, DE,NE, ¥P
& . 2,LRIC)
4 (!
S ClYY DETERMILES THE RAY PATH FOR # REFLECTION FROM THE ELLIPTIC
6 Cl!! CYLIIDER THEN DIFFRACTION FROM A PLATE ENGE
; e
i 8 DIMENSICH DC(3),DCP(2) JICT(3),VI(3),VIV(3) VIU(3),VSIK3)
5 DINENSTLN XP(3),XH(3),XRP(3) XAV (3), XRU(I) ,XN(3)
o DINENSICY DR(3),PRUCI),DRY(3) ,DAT(3) ,DRP(3)
: b DINENSICE 1VDC14,6),PHOR(14,6) ,THOR(14,6),VRO(14,6),URO( 14,6}
i 12 DINENSION PHCRP( 14,6)

t

LOGICAL LRCC

ia COLHON/CEOPLAZX(14,6,3),V(14,6,3),VP(14,6,3),VN(14,3)
) 2 MEPLL14) MPX
: lo COLMONZSORINF/XS(3),VXS(3,3)
} ] CUMLON/DIR/ZD(3 ), THER,PHSR, SPH5,CPHS, STHS ,CTHS
v 18 COLMONZGEONEL/A,B,2C(2),3MCL2) ,CHC(23,CTCL2)
1R COMOIZLYDRCI/VED(14,6),UCD(14,6) ,BCD( 14,6,2)
20 COMMOIIZE RUPREZPHVIR(12,6)
} 21 COIMON/F1S/P1,TP1,DPR,APD
{ 22 L5 PLACY BREAMICIE CUT GEHIND CYLIMDER FROM EDGE
23 PHSPH=PY SR=DHURCHP  NE)
) 24 IF(PHSPL.GT.P]) PHSPR=PHSPR=-TP!
| <5 IF(PISPE,LT. =P} PHSPR=PHSPR+TP]
: c¢ LMY I8 STAKTING POLUT DATA AVAILABLE FROM
: 27 L1 PREVIOUS PATTERYM ANGLE?
ot IF(LEDC)Y GG TO 40
; 2y Lt COWPUTE STARTING POINT
i i Deh==2,
! Sl S1EP THRU CORNERS ON EDGE ME
32 LHIY ChOUSE RHICH CCRMER TO USE AS STARTING
23 Ly DIFFRACTION POINT
; le Lo & J=l,2
! W& kC=iE=14)
: o TELLC O JHEPIMP)) MCw)
kK 18er =1
N3 SAasNET 0 ~DERDE) /(1 =BCDCMP ME, J)*BCDUP HE J I ))
3y 2 A z=")E el SGReSAMRBCDUNP UE, )
Q.. CRERCTISAM VNP HE, 1)
ol DAY=5U(2 ) ARV (4P ME,2)
42 DAZaJ{3)eAPRYVIUD ME, 3)
6 SazDaXeDAX DAY DAY
a4 ShaSAeNAZeDA2
4y SAwS(TISA)
: “e STadCT(SA)
H ) CPOReA; /82
i ) SPOP=IAY/SA
! oy CTCR=NAL /SR
1} 1Y STCrmEA/SH
L1 LOXeCPOPETCP
. bLe LY S200RSTOP
N 5L L3Z=T08
é L4 ERIU=DT 1) eDOX 2 1o 00Ye D 310002
Ly DUVEDONSVIRD JME, 1)eDOYRY (HP HE 2 )eNOZe VAP  KE, 3)
) e IRV CDCRP UE 53, 1T.2,) GO TO 4
: 9% TR ARSILCINLOT 1) GO TO ¢
N ub RIS LELDON) GO TO ¢
by U 0D
(3T} Jiiw)
cl OO POr
6l SPLeSPur
d ud CTeaCior
ca LYY YK
oY [Site— S0

(4] IR, 03 GO YO 3




L cubitInie-- -
PHCH (P, Ph)ﬂFTAU2(SPO cpo)
PHUORP (R JHEY=PHOR(MP, HE) =PHVR( MNP ,ME)
It(pHO“P(.’lP.HE).G'r.pl) PHORP (1P, VE ) =PHORP(MP JME)-TPI
Ir(PFHORP TP, M) o LT =PI PHC‘RP(}-'b.ME)”PHCRP(HP..‘-‘E)#TPI
TROR(LP  ME)=FTAN2(ETO,CTOD)
”(—"IIE-I"'J'
IF(LMC.CGLMEP(P)Y) MC=I
VRCIMP JMEY=VCD AP, MC)
UnO( MNP, LE) =UCD (1P, 11C)
IVD(AP NE) =]
Ctit SPECIFY HUMBEK OF STEPS I ITERATION

Ty wl STP=IVDNP JIE)

Ll = ® T OB P D

LTS PO N e e e el -

-t O

v~

(PO N R VA

[P

IVOP=IVL (MNP, LE)+I
PERe(PESPH-PHORP(MP ME) )/ TP
UDTSh=(THSR=-THOR(MP ME) )/STP
L1y SPECIFY STAHTING POINT
h( VIROCKP, ME)
=1 0P, ME)
e ! P‘HrOH“ IVDP-STEP ITERATIONS TO KUMERICALLY
LMY COMPUTS KEFLECTICH ARND DIFFRACTICN PCINTS,
L1 STEP THLOUGH ANGLES (DEFINING DIF. RAY PROP. NDIR.)
1O 52 Ivsl, Ivip
PPLL-PHLI(!F.'F)*(IV—!)*DPSR
THCH=THLR(MP E)Y+(IV=1)*DTSR
CPCS=CLE (PHCR)
SpCS=SIL(PHCI)
CTCS=CCS(THCR)
SiCS=S L {THCK)
DCT)=CFECS*STICS
I'C(2)=8SPCS*STCS
e (3)=Ci1Cs
TCP1)==SPCEASTUS o
LCP{2)=CPUS*STCS
SCY ) =CPCS*CTCS
LUT(2)=5PCE*CTCS
[CT(3)==8STCS
LSV=CQS(VR)
Suv=SThovi)
SHX=i%CSV
G =AxSLV
S PX==DRSliV
SUPY=A*CSY
Ccrt COMPUTE OLD HEFLECTION POINT ON CYL[HUER
: XR(1)=ARCSY
xH(2)=BrSMNV
Xk (2 )=l
LRV (I )==A*5NV
AKV(2)=L®»CSV
XHV(3)=C, ;
Xl 1=k, '
ARU(2) =), '
kU3 =1,
V=,
Dv=y.
DC 1Y M=l 3
VIGOI=XhH)=XS(N)
PDRV=DDVEDC I *V NP HELD

k. PYEPVH (AN ) =X (1P ME H ) ) %V (2P, ME M)
L (0 1 Nel,3
i XI"CH DX CD Ly ) 4PVAVCIR E )
=),
PO 1D 1=1,3
12 =+ (AL D =XPCGI )% (XR Y =XPCE) )

SH=SORTSY)
COTr=hDVZGORT L, =PNVAOIW)

L ! m oy Sy Fanspry o
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ldo
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FLND OLL DIFFHACTION POINT, KNOHINC RARIATION

DIKECTIC! AND HOIDING CYLINDER RFPLECTION

POINT CUNSTAMT

MO 13 N=1,3

XU(N)=XP(H)+SM*COTB*VCHP.ME,N)

DRAN)=XL (N )=XRY)

VIV =ARV ()

VIUHI=ARU(N)

IF(IV.EQ.IVDP) GO TO 60 :

DOPV=DCF (1 )xV(MP, AE.I)+ﬁuP(2)*V(HP ME, 2)

COTV=DRCI (1 )*VMP ME, l)+DCT(2)*V(MP ME.2)+DCT(I)*VIMP NE,3)
EDDdv = (l.—D“V*DDV)**l 5

CTBR=DOFV/LTTY

CTbT=bD1V/LLDY

D0 14 MN=},3

PRP(NH)=SM>CTEP*V (MP,ME LK)

DRT(N) = *CTRT*V(MP ME M)

ChUV=y.

CrvVay,

CrUR=v. i

CRVRH=w, :

Ckv=u,

D0 15 iI=i, 3

CRUV=CRUV+ARU( M) *V (4P, ME N)

CHVV=CRVV+XRV{ M) *V(MP, ME ,N)

CRUR=CKUR+ XRII(NI®(XR (N )=X( MNP, MEL,M))
CRVR=CHVR+XRV(N)*(XR(N)=X(MP ,ME,N))

CCU=CRUV+COTB* (CRIR=CRUV*PV) /SK :
CCV=LhVV+COTE*(CRVR-CRVV*PV)/SV

DO 16 N=1,

ChUN LLU*V(MP.HE.N) ~XRU(N)

DRV O =CCVHV CIP, ME M )=XRV(N) :

PERFORM TAYLCR SERIES EXPANSION TO NEFINE NV AND DI
FVva(SlIPAXVI(1)+S} IXAVIVOL)+SNPY#*VI(2)+SHY*VIV(2))*
2(SHX*DR(2) -SHY*DR( 1))
FV=FV+(‘HPX*DR(2)+CNX*DRV(2)-§HPY*DR(I) SNY*DRV(1))*
S{SHEX*VI(1)+SHYAVI(2))
FV=PV+(‘IPX*VI(Z)+°NX*V[V(2)-SNPY*VI(!) SMY*VIV(]))*
2USHX*DROT)+SNY*DR(2))

Fv=Fv+(SrpX *DH(I)+<NX*DRV(|)+SMP{*DR(?)+S”Y*DRV(2))*
S(SHX*VI(2)~SNY*VI(1))

FU=( SKX*DR (2 )~ qNY*’)P(!))*(SNX*VIU(l)+SI"Y*VIU(2))+
2(SNXADRCTY+SHY*DR(2 ) ) * (SHA*VIU(2)=SNY*VIU(]))
FUsFU+(SNXHVICT)+SHYRVI(2) )w (SNX*DRU(2)=SNY*DRU(C 1))+
2OSHX*DRL (1 )+ SNYADRU(2 ) I* (SNA*VI(2)=ShY®VI( 1)}

OVADR(3I R (SIFXAVI 1) +SHXAVIV (1 )+SNPYRVI(2)+SHYRVIV(2))
bV-uV+VI(3)*(SWPX*Dk(l)+SNY*DRV(|)+SHPY*DR(?)+SHV*DRV(2))
GV=GV+DEV(Z )R (SHX*VI (1 )+ 5] Y*VI(Z))#VIV(u)*(SNX*DR(I)+SNY*DR(2))
GU= DR(B)*(SHX*VIU(t)+SNY*VIU(2))+VIU(3)*(SHX*DR(l)#S Y *DR(2))
GU=GU+DRUC3IXCSNX*VI (1 )+ SHY*VI(2)+VI( 3 *(SHUX*DRU( 1) +SNY*DRU(2))
FPa(SHA*VI (1 )+SNY®V[(2)) *( SNX*DRP(2)~SHY*DRP (i ))+
2(SHAAVI (2)=SMYRVI( 1) )% (SHA*DRP (1 )+SNY*NIRP(2))

FTa(SHXAVI (1 )+SNYXVI (2 ))*(S}X*DRT(2) =SHY*DRT (1)) +
20SHANRVI(2)=SHY*®VI(1))*(SNX*NDRT(1)+SHY*DRT(2))

CP=V I (3)*(SHX*DRP( 1)+SNYADRP (2 ))+DRP (3 )% (SNX*VI (1) +SNY#RVI(2)
GT=DRT(II* (SHXRVIC1)+SHNYRVI(2) I+VI(3 )+ (SHX*DRT (1 )+ SNY*DRT(2)
FIa(SHXAVI (1)+SHYRVI(2)) % SHX*DR(2 )=SHY*NR( 1))+
Q(SHX*DR (1) +SYYADRI2) Iw (SMX*VI(2)=SHY*VI( 1))
(X-)n(B)*('P)*VI(I)+SNY*VI(2))+VI(3)*(<NX*DR(I)+<”Y*DR(2))
Db T=Fd*(V=FY*U

s ((F I*GU-CI*rUJ+(GU*rP-FH*G?)*DPSR+(PU*FT-FU*FT)*DTSR)/DFT

U= ((GIAFV=F %GV )+ (FV*GP =GV *FP )*DPSR+(FV*GT=GVXFT) *DTSR) /NET
CUMPUTE NES REFLECTION POINT O CYLIMDER

Uk estliie DU
YViemy i+M\
CONTINUE
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CCLTILLULE
TEST 10 SEE Ir COMPUTED SCATTER POINTS SATISFY
LA#S OF REFLECTION AHD UIrF?ACAICN
SHMA=SORTISHYX*SNX+SHYASNY)

S X=SNX/SHIS

QNY-“NY/‘””

DRV =¢,

Dibeli=ec,

Vid=u.

N 23 M=1,3 ‘
VIA=VIM+V] (HI*V] (N)

DURV =DDRV+ADR (MY *V PP HE, M)
DHA=DRAFDIOONI*DR ()
VIM=SOKTVII)

DiM=5QKT (DRE)

N30 =, 3

VI(H Y=V ZVIN

LR =h (N /DR
EOKV=DLRVZDRM

EHCh=ABL (DDV-DLRV)
SHAD=SNAX®IR( 1) +SNY*DR(2)
SHADC=SHXAV]I (1) +SHY*V](2)
LEC=SHAD+SHALC

LUTP=.5% (SHAD=-SHADE)
THCA=ABE (ERC)

ERC=zRCA

TF(ECH.GT .ERCIZHC=ERCB
¥ EikOle 1S VEEY SMALL, DIVIDE N”“BER OF STEPS
11 HALF FOk NKEXT TIME ROUTINE IS CAIYFD
IF(ERC.LT. . 41) C¢O TO 8¢

IF EniOk [S TOO BIG, DOUBLE MUMPRER OF QTFPS
(UP TO 32) AND REPEAT ITERATION ;
[F(IVI){MP,ME),GE. 322 GO TO 7&
[VDOMPLAE) =241 VD (P, NE)

GO TO 4u :

CUNTIHUE :

WRITECO, }) PHSK,THSK P MELVR,UR,ERCA, ERCB
FORM AT, ERKCR IH RFPrPf- ’ 2F12 6, 215 4F12.6)
Lal=.FFLSE,

TN

CUNTHUE

IF(ERC.GELG.E001) GO TO 90

I[£CIVDOIP,ME)EQ. 1) GO TO 90

lVU(*P PE)=IVI(MPLME) /2 :

CONTINUE i

STOME PARAMETERS FOR NEXT TIME RFDFPT 1S CALLED
VRUIMP, LE)Y=Vh :
HaQCSP L E)=Uh
PEORCMP, YE) =PHSR
PHOURECNT ME) =PHSPR

THON (AP, ME )= THSH
IEC.1NOTLLRDC)Y IVDOMP L ME) =i
LhDU=."ThUE .

nL‘TUh.‘J

b
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RFPTCL
PURPOSE

EL To calculate the reflection point on the elliptic cylinder for
a source ray reflected in a given direction. The routine also

. canputes cylinder reflection points for source rays that are re-

flected by a given plate and then reflected by the cylinder.
PERTINENT GEOMETRY

y
SOURGE
LOCATION
B A
— A I
—~Pe X
«—— REFLECTION POINT

XR

3>

o>

Figure 94-- Illustration of cylinder reflection point.
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Figure 95-- Geometry for calculaiing reflection point,
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reflection point for ray with reflected phi. angle PHPR
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;:1, - i a4
e " REFLECTION POINT
_ OBTAINED AT END  porar ™o PHOR
3 4 OF ITERATION t
2 p: . - WX
: X Xp X X U PHPR
3 NI Y '
3 f PHPR,
" SOURCE
e Figure 96--Iilustration of iterative method used in computing
the cylinder reflection point.
7 METHOD
ai;' A . The reflection point for a ray reflected in a direction de-
i- R . fined by the phi angle PHSR is calculated via an iterative process.

i . 9 The routine starts with the tangent ray nearest to the reflected
NI ray direction (or other nearby reflected ray whose reflection
point is known) and steps along the cylinder surface, calculating

- the approximate reflection point for each reflected ray phi angle
SR PHPR (which is stepped from PHOR to PHSR in evenly spaced steps).
- Each reflection point calculation uses the previous reflection

il point as a reference. As long as the steps are sufficiently
small, the aprroximation is accurate. The equations are based
on a first order Taylor series approximation of the equation gov-
erning the laws of reflection. Further details are given on pages
102-104 of Reference 1. The point obtained at the end of the
pracess is the estimated reflection point. The routine then takes
the sum of dot products of the cylinder normal and the incident

Ry T L S e
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and reflected rays (which should be zero in order to satisfy the
law of reflection). If it is larger than some minimal amount,
the number of steps used to iterate angle PHPR is doubled and

the calculation is done again. If the error is much smaller than
necessary, the number of steps used in the next calculation is
divided by two.

Once a reflection point is calculated for a particular geometry.
the elliptical angle defining the reflection point (VRO(MR)) is
saved, along with the number of steps used to calculate it (IVD(MR))
for the next time RFPTCL is calied for the same geometry. Since
the next pattern angle is likely to be quite close to the previous
one, this gives the computer a good starting point in defining
the next reflection point, hence minimizing computer time. LRFC
is a logical variable which if true tells the user that there
is data from the previous pattern angle available to compute the
next reflection point. If a reflection does not occur, LRFC is
set false, and the next time the routine is called, it will start
at the nearest tangent point.
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Pl FLOW DIAGRAM
Lo y
: RFPTCL (PHSR,MP,VR,DOTP,DD,S,LRFC)
i
INPUT VARIABLES
PHSR phi component of reflected ray
: propagaticn direction in RCS
} Mp used to specify source or source image:
i MP=0 indicates source
MP>0 indicates source image for
reflection from plate MP
1 LRFC set true if reflecticn occurred last time
i subryutine RFPTCL was called
: QUTPUT VARIABLES
VR elliptical angle defining 2-d reflection
point in ERCS
. 0o1P (Den-en)/2 {error detection variable)
. DC  normalizat¥an constant for n, the
r2flection poir® 10rmal
S distance trom source te reflection point
in x-y plane
LRFC s&i true to indicate presence of stored
starting point data for next time
RFPTCL i< called
Note: LRFC is used bzth to input and output data
{7 Specify source location _J
3
3
Was reflectrnn
. present last tire
} QFPICL was called for this v
H Jeometry? Yes
T (LRFC=TRUE?) -
% e
™
.- Compute starting point
i i
1. |

Specify soucce vectors tangent
to cylinder and ell, angles
defining tanqent points

I

{
Compute angles and specify which tangent
- vector is closest to the reflected ray
g propagation direction. PHOP(MR) defines
1 nearest tan v.<tor, VRO(MR) defines
correspondin.  tan point in ERCS
IVO(ME)=]

l

{ Spec.fy starting point ~]

Ctacdinol

FmzacasR

preene

LEY
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L T I TN

Perform IVD(MR) step numerical calculations to
approximate el1, angle VR defining the
reflection point in ERCS (see Figure 96)

|

Step through angles
{variablesPHPR)

1

Approximate new angle VR,using value
obtained for previous value of PHPR
talculated as a reference, (The
last time through this loop PHPR=PHSR
and ell. angle VR then defines the
approximate reflection point for
ray propagating in direction D)

Check accuracy of reflection point angle calculated

Compute error function £RC, the sum of
dot products of reflection point unit
normal and the incident and reflected
ray unit vectors
ERC = Den+len

Is
IVD(MR)=32 (maximum Yo Douhlz number of steps
number of steps?) IVO{MR}e2 IVD(MR)

Yes

l Write warning message 4]

<r*”,”’7:-\\k‘\“-. No

error very small?

i Yes
'
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SYMBOL

cpp
CPS
Ccsv
DD
DOTP

DPX
Dpy
Dk
DS

DSPk

DX
DY
ove

DVT

ERC
ERCA
ERCS

Fl
IvVD

IVDN
LRFC

MP

MR
PHE
PHEP

PHIkK
PHOR

PHORY
PHORP

PHPR
PHSPR

PHSR

SIPX
SIPY
SIX
SIY
SHPX
SHPY
SHv
snx}
SNY
Spp
SPS
STP

DICTIONARY

COSINE OF PHPR

COSINE OF PHSR

COSINE OF VR

NORMALIZATION CONSTANT FOR REFL POINT NORMAL VECTOR
ONE HALF THE DIFFERENCE BETWEEN THE DOT PRODUCTS

OF THE REFLECTED RAY DIRECTION AND CYLINDER UNIT
NORMAL AND THE INCIDENT RAY DIRECTION AND CYLINDER
UNIT NORMAL

X AND Y COMPONENTS PF PARTIAL DERIVATIVE OF REFLECTED RAY
DIRECTICN WITH RESPECT TO PHI OBSERVATION ANGLE

DOT PRODUCT OF INC RAY UNIT VECTOR AND CYL UNIT NORMAL
DOT PRODUCT OF REFLECTED RAY PROPAGATION DIRECTION
UNIT VECTOR AND CYLINDER UNIT NORMAL

SIZE OF ANGLE STEP USED IN ITERATION

CHANGE IN ANGLE VR

X AND Y COMPONENTS OF UNIT VECTOR OF REFLECTED RAY
(DIRECTION DERINED BY ANGLE PHPR) IN RCS

PARTIAL DERIVATIVE OF THE REFLECTION LAW EQUATION

(FI) WITH RESPECT TO ELL ANGLE V

PARTIAL DERIVATIVE OF THE REFLECTION LAW EQUATION

(F1) WITH RESPECT TO THE PHI ANGLE OF THE

OBSERVATION DIRECTION

ERRUR PARAMETER (SUM OF DS AND DR)

ABSOLUTE VALUE OF ERC

(MO1 A VARIABLE) ABBREVIATION FOR ELLIPTICAL REFERENCE
COORDINATE SYSTEM

EQUATION SATISFYING THE LAW OF REFLECTION

NUMBER OF I.ERATIONS USED TO FIND REFL POINT THE

LAST TIME RFPTCL WAS CALLED FOR PLATE MP

NUMEER OF STEPS USED IN ITERATION

(ENTERING ROUTINE) SET TRUE IF REFL OCCURED LAST TIME
REFCYL WAS CALLED. (LRFC ALWAYS SET TRUE LEAVING ROUTINE)
USED TO SPECIFY MHETHER SOURCE OR SOURCE IMAGE IS USED
MP=¢ DESIGNATES SOURCE

MP>y DESIGMATES SQURCE IMAGE FOR REFLECTION FROM PLATE MP
INDEX VARIABELE (MP+MPRX+1) FOR STORING DATA FOR NEXT
CALL TO RFPTCL :

PHI ANGLE BETWEEN REFLECTED RAY DIRECTION AND TANGENT
POINT #2

PHI ANGLE BETWEEN REFLEGTED RAY DIRECTION AND

TANGENT POINT #1

PHI COMPONENT OF SOURCE LOCATION IN RCS

REFLECTED RAY PHI ANGLE (STORED AS STARTING POINT
PARAMETER FOR NEXT TIME ROUTINE IS CALLED)

PHI ANGLE DEFINING RAY TANGENT TO TAN POINT |

PHI ANGLE OF CYLINDER REFLECTED RAY DIRECTION IN
ROTATED RCS SYSTEM

REFLECTED RAY PHI ANGLE (ITERATED FROM PHOR TO PHSR)
PHI ANGLE DEFINING REFLECTED RAY DIRECTION IN

ROTATED RCS

PHI COMPONENT OF REFLECTED RAY PROPAGATION

DIRECTION IN RCS

DISIANCE FROM SOURCE TO REFL POINT IN X-Y PLANE

X AND Y COMPONENTS OF PARTIAL DERIVATIVE OF INCIDENT
RAY VECTOk WITH RESPECT TO ELL AMGLE V

X AND Y COMPONENTS OF INCIDENT RAY FPROP VECTOR

IN RCS (NOT CONSISTANTLY NCRMALIZED)

X AND Y COMPONENTS OF PARTIAL DERIVATIVE OF CYLINDER
N?RMALFATRREFLECTION POINT WITH RESPECT TO ELL ANGLE Vv
SINE OF V

X AD Y COMPONENTS OF RAY NORMAL TO CYL REFL POINT

IN RCS (NOT CONSISTANTLY NORMALIZED)

SINE OF PHPR

SINE OF PHSR

NUMBER OF SIEPS USED IN ITERATION
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SUBROUTINE RFPTCL(PHSR MP, Vit ,DOTP,DD,S,LRFC)

DETERMINES REFLECTION POINT ON AN ELLIPTIC CYLINDER

LOGICAL LRFC,LGRND

DIMENSION IVD(29),PHOR(29),VRO(29) ,X15(3),PHORP(29)
COKMON/GEOHEL/A, B,ZC(2), SHC(2),CNC(2).CTC(2)
DONKON/ SORINF/XS(3) ,VXS( 3,3)
COMAOM/GEOPLA/X(14,6,3) ,V(14,6,3),YP(14,6,3) ,VN(14,3)
2, MEP(14) ,UPX

CULMON/IMAINE/ZXI (14,14,3),YX1(3,3,14)
CUMMON/P1S/PI1,TPI,DPR,RPD
COMMON/END SCL/DTS, VT3(2) ,BTS(4)

COMHON/ENDICL/DTI( 14),VTI(14,2),5TIC 14,4)
COMMOIN/GRCUND/LGRND, MPXR

MK=AP+MPXR+ |

SPS=SIN(PHSR)

CPS=COS(PHSK )

SPECIFY SOUHCE LOCATION

IF (4P.GT.8) GO TO 11

DO 14 Hel,3

XIS(NI=AS(N)

PHIR=BTAN2(XS(2) ,XS( 1))

GO TO 1%

CONTINUE

DO 12 N=1,3

XISCN)=XI(MP MP,N)
PHIk=BTAN2 (XI(MP MP,2) ,XI(MP ,MP, 1))

CONTIHUE

PHSPR=PHSR=-PHI R

1¥ (PHSPK.GT.PI) PHSPR#PHSPR-TPI

IF(PHSPk.LT.~PI) PHSPR=PHSPR+TPI

WAS REFLECTION PRESENT LAST TIME REFCYL WAS CALLEN?
IF(LKFC) GO TO 4

IV (MK) =1

SPECIFY TANGENT VECTORS

IF(1P.GT.3) GO TO 29

PHOK (1R ) =BTAN2 (BTS(4),BTS(3))

VRO(MR)=VTS(2)

FHORB=BTAN2(BTS(2) \BTS( 1))

GO TO 25

CONT INUE

PHOR (MR )=BTAN2 (BTI (MP, 4) ,BTI (NP, 3))
VEOCHK ) =VTT (4P, 2)

PHORB=BTAN2 (BTI(HP,2) BT L (M, 1))

CONT INUE

COMPUTE ANGLES AND SPECIFY WHICH TAN VECTOR IS CLOSER
10 THE KEFL PROPAGATION DIRECTIOM

PHOKP( Mh ) wPHOK (MR) -PHI R

IF(PHORP (MK} .GT.PI) PHORP(NR)=PHORP(MR)=TP1
1F(PHORP (MR) .LT.-PI) PHORP(MR)nPHORP (\R)+TPI
PHORBP=PHURB-PHI R

I+ (PHORLP.GT .F1) PHORBP=PHORBP-TP{

1F(PHORLP.LT.~Pl) PHORBP=PHORBP+TPI
PHE=ABS(PHEPR=PIHORP(¥R))

PHEP=ARS(PHSPR=PHORRP}

IF(PHEP,CELPIE) GO TO 44

PHOM (1K ) =PTHORI;

PHORP 4k )= PHORBP

VIO R I=VT S Y)

1FCNPLGT ) VROCHR)=VTICMP, 1)

[LCREAENT ANGLE PHPR FHOM THE CYL TAN ANGLE PHOR TO
PhUP, ANGLE PHSR IN IVD(MR) STEPS AND CALCULATE APPROX.
VR (THE ELL. AMGLE DEFINING TME REFL POINT) FOR EACH

__ANGLE_PHPR UNTI[. PHPRPHSR AND APPROX V FOR REFL POINT

Ky 3
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i 67 Ctit IN DESIKED PROP. DIRECTION IS OBTAINED.
o8 ¥ STP=1VD(MR)
- oY DPSk={PHSPR-PHORP(MR ) }/STP
[ 79 VR=VRO(MR}
}, 71 IVOM=1VD{MR)
72 Ll TEP THRU ANGLES
e DO 5S¢ Iv=1,IVDM
) T4 PHPHR=PHCR (MR )+ (I V=1)*DPSR
3} 75 CPP=COS(PHPR)
- 7o SPP=SIH(PHPR)
i DX=CPpP
78 DY=SPP
b 7Y DPX=-SPP
l b DPY=CPP
81 CSV=COS(VR)
52 SNV=3IN(VR)
) bl SNX=B*CSV
1 84 SNY=A*SNV
5 SIX=A*CSV=XIS(1)
86 S1Y=B*SNV-XIS(2)
- 87 SNPX==B%xSNV
B bb SNPY=A*CSV
- 2y SIPX=—A% SNV
7 SIPY=B*(CSV
2 FI=(SNX*STX+SNYXSIY) *{ SNX*xDY=SNY*DX)+
- L2 2 (SNX*DX+SNY*Y )& (SNX*SIY=-SNY*SIX)
i 9.3 DVT=(SNX*STX+SNY*S]Y)* (SNX*DPY~SNY*DPX)
IS va DVT=DVT+(SNX*DPX+SHY*DPY )% ( SNX*S]IY=SNY*SIX)
) DVB=( SNPX*SI X+ SNXXSIPX+SHPY*SI Y+SNYXSIPY)*
&0 2 ( SNX*#DY-SNY*DX)
- 7 DVBaDVB+ (SNPX*SI Y+SNX*S] PY=SNPY#S] X~SiY*SIPX )%
: 8 2 (SNX*DX+SNY®DY)®
. 1Y% DVB=DVB+ (SNX*SIX+SNY#SIY )% (SMNPX*DY~SNPY*DX)
lew DVBaDV R+ (SNPX*DX+SNFYXDY )& ( SNX#SIY-SMY*S[X)
- ol DV=~(F1+DVT*DPSK)/DVR
. 14,2 C'!1 APPROXIMATE ANGLE VR FOR THE REFL POINT IN DIRECTION PHPR
. lo3 VR=VR+DV
lea LU COM1IHUE
1% Cttt CHECS ACCURACY OF REFLECTION POINT ANGLE CALCULATED
N 100 CSVv=COS(VR)
1] SNV=SEN(VR)
b lys SNX=B*CSV
ey SNY=ARSNV
- e DD=SORT( SNX* SKX+ QUY*SNY)
: 1l SNX=SNX/0D
. 12 SNY=SNY/TD
i3 SIX=ARCEV-XIE( 1)
14 SlY=BaSNV=X18(2)
* 15 $=SQRT(SIXwSIX+S[Y*S]Y)
. 1e S1X=81X/S
@ 17 sly=S1Y/S
11y €YY CALCULATE THE ERROR FUNCTION ERC, THE SUM OF NOT
- {1y C11! PRODUCTS OF INCIDENT AMD REFLECTED UNIT VECTORS AND
3 129 C11!  CYLINDEK UM]T NORMAL (SHOULD BE CLOSE TO ZERO)
H 121 DS=SNXACPS+SNY=3PS
le2 DhwSNX®S | X+ SNY®S]Y
123 DQTP=. 5+ (DS=DR)
- 124 ERCuNS+DR
i 125 ERCA=ARSCERC)
i 120 CHIY IF EimOk 1S NOT SUFFICIENTLY SMALL, NOUBLE NUMRER OF STEPS
127 LI (UP TU 12) AND RECALCULATE VR
. i3 I {eRCALLT 0.0805) GO TO 80
3 1éy LLEY [ MAX FUMRER OF STEPS ALREADY REACHED, PRINT WARNING
i Viu e (IVvDCURY JGEL32) GO TO 74
s 1:t VORI 2@ IVD( MR
132 GuU 1u 4y

o m—y
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134

135 |
t30 8V
129 ¢t i}
138 Ct1
13%

140

141

142 U
143

144

4%

140

147

lan

14y

N . s

CoNi INUE

WRITE(6,1) ERC,VR,PHSR

FORMAT(’/ ERROR IN RFPICL= “,3F12.6)
CONTINUE

Ir ExhOk IS VERY SMALL, DIVIDE NUMBER OF ITERATION
STEPS USED IN HALF FOR NEXT TIME ROUTIME IS CALLED

IF(ERCA.GE .0 .00015) GO TO 9
IF(IVD(MR) .EC. 1) GO TO %A
IVD(MR)=TVD(MR) /2 '
CONTINUE

VRO(HK) aVi

PHOR (4R ) =PHSR
PHORP( Mk ) =PHSPR
IF(.NOT.LRFC) IVD(MR)al
LRFC=.TKUE.

RETURN

END
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ROTRAN
PURPOSE

To transform a point or vector defined in the old reference co-
ordinate system to the new (cylinder-centered) reference coordinate
system representation. This is used in the main program to perform
the reference coordinate system transformation.

PERTINENT GEOMETRY

Zoi0

POINT TO BE
™ TRANSFORMED

NEW COORDINATE
SYSTEM ORIGIN AND
y AXES

~= Yoro

\oz.o COORDINATE SYSTEM
ORIGIN AND AXES

Figure 97-- Illustrativn of old and new referers:
coordinate sys’ems,

A

Yx = X514 Xx{1) + Yold XX(2) + 2,14 xX(3)
*x‘x = X XRT{1) + y YRT(2) + % XRT(3)
METHOD

The point ”ix defined in the old coordinate system may be repre-
sented by point Yrt in the new cooridnate system where:
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Yrt = [vcllxt’ where ’it = Yx -X

0 {
k]
or .

XRT(1) XCL{1) XCL(2) xCL(3) XX(1) - %0(1) j

XRT(2) { = | YCL(1) YCL(2) YCIL{3) XX(2) - x0(2)

XRT(3) 2CL(1) 2CL(2) ZCL(3) XX(3) - X0(3) ,
where X_ is the location of the ngw coordinate system origin defined ;
in the 81d coordinate system and x, y, ® are unit vectors defining i
the new courdinate system axes in old coordinate system components:

R = R0 g XCL(1) + Joqq XCLL2) + 24 XCL(3) |

¥ = Ryrg YOL(1) + §g14 YEL(2) + 25y, YCL(3)

2= X014 20L(1) + 901(1 CL(2) + 201d 2CL(3). :
FLOW DIAGRAM
1
% Ronx; {IRT, 31,73}
©IaSUT wealaaLes :
i 1 o, y, 152 7 rDApoascts of Datat locattoa ¢
. 1n oid coprdinate systom
§ 0 s, oy, dnd 2 1oE0a@AtS of e rpw cOOrdiagte
sgitam grtgls Tacqtion Gefised tn lhe ol
aGrdingte syslen
v Qutvel yaxiasds
: BT o, g 303 2 comdomealt 2f poist lozaties
z ' sea conrdinate srttos :
i Teamalite al¢ covedingle 1pttum srinia
29 petat -
- | -
Er1ate coordingled 1o ape (derfitigle
mwg Tepréseetyl tea

!
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SYMBOL DJCTIONARY

T X,Y, AND 2 COMPOMENTS OF POINT LOCATION AFTER TRAMSLATING
CLD COORDINATE SYSTEM CRIGIN TO POINT X2

CODE LISTING

Lo s - e o e ot e o

SUBRGIT I XE WCTRANCXKT, XX,X0)

COOubINATE THAMSLATICN 'ND KOTATION? X0 IS THE
HE® ONTCING ML, YOL ZUL DEFINE THE NEW AXES.

. re am sw
- s ey b

P ]

DERENSIGHN XMTC3),XX03),X063),XT()
Lugtval LOERUGLTEST
COBAOHAROTRDTAACLE 3D, ¥CL 13, 0L

COT TP -
Pa it o8 o8

T COMRINAIEST/ZLDERUG LTEST

PRt THANSLATION OF COORDINATES

L2 DG 1o Nl 3 .

13 e ATON IO I- XN

1a Lttt ROTAIIOH OF CUOMDIKATES

1y ARTULEWATE 12oXTL L 2o XTI2 10 CLI I #XTL VoXEL I
io YHTE2IWATE 1Io¥CL P 10 XTI 1eYCLI2) e XTI 21e¥ (L))
N ERTEI22 410020 LU TeNTL2 182 LI M eXT I 3, (L)
iv Trs iUl L UESTY MEVGAN

1% WHiTR A, Sd)

2@ ww0  FoBMATUZ,” IBSTIMR <QTEAN SUsCUTINE”

21 KH{TECS, o) THY

3 ExliFts, ) 1)

2. k3Lilta,e) 30

24 ®E Thmt

Fa Eut

9
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RPLDPL
PURPOSE

To calculate the far-zone electric field (with phase referred to
the RCS origin) for a source ray that reflects off plate MR and is
then diffracted off edge ME of plate MP.

PERTINENT GEOMETRY

o>

DIFFRACTICN

POINT
SOURCE 7
LOCATION MP, M€

Xs

EDGE ME PLATE MP

Id
7
i \ \PLATE MR

,7  REFLECTION

e POINT

/7
7/

7

Ve
¥ SOURCE IMAGE
LOCATION XIS

Figure 98--Itiustration of a ray reflected by a plate and then
diffracted by a plate edge.
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METHOD

The field reflected by a plate and then diffracted by another
piate edge is calculated in this subroutine [4,9,10]. The field
reflected from the plate is found using image thoery. The diffracted
and slope diffracted fields of the plate edges and corners are ob-
tained as described in subroutine DIFPLT. Th~ diffracted edge and
slope fields are combined and the phase is referred to the reference

coordinate system orig1n by the factor eJkD Yﬁ—. The form of the
field is therefore given by
Ed 9 A e’ij
= wm(EDTH + EDPHO) T -
The corner and slope corner diffracted fields are combined in a
similar way and are given by

o~ JkR
EC = W (ECTHE + ECPHE) S

o~ JKR
where the factor & =g and the source (w ) weight are added elsewhere
in the code.
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FLOW DIAGRAM

RPLOPL (EDTH,EDPH,ECTH,ECPH,FNN,ME ,HP MR )

INPUT VARIABLES
FNN  wedge angle indicator
ME edge on plate MP where diffraction occurs
Hp plate where diffraction occurs
R plate where reflection occurs

QUTPUT VARIABLES
EOTH  theta component of edge diffracted £ field
EOPH  phi component of edge diffracted £ field
ECTH  theta component of corner diffracted € vield
ECPH  phi component of corner diffracted £ field

|

1. Specify single reflection source image location

2. Perform diffraction point geometry calculations

l

Determine permissible range
for diffraction angle

Determine
if diffraction
exists

Yes

Compute edge diffraction poin
and incident ray unit vector

]

Is diffraction point on edge ME?
If not, set at appropriate
corner and set LODIF false

|

?. Check to see if ray is shadowed

Does
diffracted ray hit another
plate or a cytinder?

382
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Does
reflection from plate MR
occur?

Yes

Does
reflected ray hi* ancther
plate or & cylinder before
diffraction?

Compute incident ray propagation direction
on plate MR knowing reflected ray direction

Does
incident ray from source hit
3 plate or a cylinder
before reflection?

No

4. Calculate diffraction angles and related geometry

l

Calculate PSO and PS, the incident
and diffracted phi angles

Compute diffeacticng pqlarization ynit
vectors (ﬁo?&) 3&.%) for
incident and dihnc!cd ray

l

Compute S30esine(e,)

i

383
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5. Compute diffractec fleids

l

Compute scurce pattarn factor

l

Compute components of incident field
perpendicular and parallel to the edge

l

It siope diffraction 1s desired compute
incident slope field pattern facter

l

Compute phase term

~

Compute edge diffraccion coefficients

Compute components of edoe diffracted fienld

perpendicular ¢ad parallel ta the edge

Does
edge diffraction exise?
(LDIF «TRUC)

Ves

J

Compute theta and phi corponents
of edoe diffracted fiely
In RCS {EOTH, EDPH)

Z0THeO
EDPHeD

is
rorner diffraction
dtrired?

Tes

R i e T
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6. Calculate corner diffracted fields

.

PRI

Loop through both corners an
edge ME (varfable=M)

l

Gompute corner diffraction
coefficient (CORN)

: l

Compute modified edge diffraction
. coefficients (DH,DS)

‘ l
Compute components of diffracted field

peroendicutar ana parallel to the edge,
Also refer phase to RCS origin

! I

Compute theta and phi components
'of diffracted field

l

Compute total theta and phi components
(for both corners) of corner diffracted
fields in reference coordinate
system (ECTH,ECPH)

PR

. ECTHsQ
I ECPHRQ
EDTH=g
b EQPHQ
ECTHeQ
ECOM0
1
Return
385
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SYMBOL DICTIONARY

DOT PRODUCT OF VECTOR FROM PLATE MP TO THE SOURCE IK'ACE AND THE

PLATE UNIT NORMAL
WEDGE ANGLE NUMBER

VARIABLE USED 10 EXPAND DIFFRACTION ANGLE RANGE IF CORNER
DIFFRACTION IS USED

Ly ——

UPPER LIMIT FOR ED, THE COSINE OF THE DJFFRACTION ANGLE BETA
LOWER LIMIT FOR BD, THE COSINE OF THE DIFFRACTION ANGLE BETA

DIFFERENCE IN DIFFRACTED AND INCIDENT PHI ANGLES
SUM OF DIFFKACTED AND INCIDENT PHI ANGLES

DIFFRACTED FIELD BETA POLARIZATION UNIT VECTOR IN DIFFRACTION

EDGE COORDINATE SYSTEM ¢(IN X,Y,Z RCS COMPONENTS)

INCIDENT FIELD BETA POLARIZATION UNIT VECTOR IN DIFFRACTION

EDGE COORDINATE SYSTEM (IN X,Y.Z RCS COMPONENTS)

LONER AND UPPER LIMIT FOR EDGE DIFFRACTION ANGLE
BHD(1)=COS(ELOW)

BrU(2)=COS{EHIGH)

COSINE OF HALF NEDGE ANGLE

CORMER DIFSKACTION COEFFICIENT

CUSINE CF PSR

COSINE OF PHJR

CUSINE OF PSOR

COSINE OF TER

CUSINE OF THJR

CCSINE OF THPR

PARAMETER USED IN TRANSITION FUNCTION

DIFFRACTION COEF, FOR HARD BOUNDARY CONDITION

DISTANCE FRUM REFLECTION POINT TO DIFFRACTION POINT
DISTANCE FRON SOUHCE TO REFLECTICN POINT (FROM PLAINT)
DIS1ANCE FROM SOURCE TO HIT (FROM PLAINT AND CYLINT)
EDGE DIFFRACTION COEFFICIENT (FROM SUB. DI) FOR INCIDENT
DIFFRACTED FIELD

EDGE DIFFRACTION COEFFICIENT (FROM SUB. DI} FOR REFLECTED
DIFFRACTED FIELD

SLOPE DIFFRACTION COEFFICIENT FOR HARD BOUNDARY CONDITION
SLOPE DIFFRACTION COEFFICIENT FOR S - BOJNDARY CONDITION
OIFFRACTION COEF. FOR SOFT BOUNDAR:Y CONDITION

DUT PRODUCT OF EDGE UNIT VECTOR AND DIFFRACTED RAY
PROPAGATION DIRECTION UNIT VECTOR

PHI CUOMPONENT OF CORNER DIFFRACTED E-FIELD

THETA COMAPONENT OF CORNER DIFFRACTED E-FIELD

PHl CONPONENT OF EDGE DIFFRACTED E-FIELD

CUMPONENT OF DIFFRACTED FIELD PARALLEL TO THE EDGE
COMPCNENT OF DIFFRACTED FIELD PERPENDICULAR TO THE EDGE
THETA COMPONEMT OF EDGE DIFFRACTED E~FIELD

THETA COMPONENT GF CORMER DIFFRACTED E~FIELD [N RCS

PH] COMPONENT OF CCRMER DIFFRACTED E-FIELD IN RCS
CUMPCNEMT OF [NCIDENT FIELD PARALLEL TO THE EDGE

PATTEKN FACTOR FCH COMPONENT OF INCIDENT SLOPE FLELD
PARALLEL TO THE EDGE

COMPONENT OF INCIDENT FIELD PERPENDICULAR TO THE EDGE
PATWERN FACIOR FOR COMPONENT OF INCIDENT SLOPE FIELD
PERPENDICULAR TC THE EDGE

SCUKCE PATTERN FACTORS FCR X,Y, AND Z COMPONENTS OF INCIDZNT

€ FlELD

COHPLEX PHASE TERM (REFER PHASE TD RCS, ORIGIN)

BEDGE ANGLE NUMBER

WEUGE AMNGLE [NDICATOR

NOLE EXTERICR TO WEDGE [N DEGREES

0DOT PHODUCT OF THE DIF RAY DIRECTICN AND THE VECTOR FROM
THE KEF COOKD SYS ORICGIN TO THE DIFFHACTION POINT

SIOk CHAKRGE VARIABLF

INDEX VARTAFLE

SET TRUE [F RAY KIIS A PLATE OR CYLINDER (FROM PLAINT OR CYLINT)

INDEX VARIABLE USED TO STEP THRU CGRNERS
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ME
MEC
P
MR

NI
NJ
PD

PH

PHIR
PHJR
PHC

PHSHK
pp

PS
PsD
PSsO
PSCD
PSCk

PShk
Qb
S H

s8¢
SHP
s?
SPH
SPHJ
$PHQ

STkJ
STHK
TERR
THiw
THJ &
THPK
THk

§14%
VA
YU
vCk
VECT

vi

vip
vJ
vug

Xt
we
b $23
v

EDGE ON PLATE MP WHERE DIFFRACTION OCCURS

CORMER AT END OF EDGE ME

PLATE FOR WHICH DIFFRACTION OCCURS

PLATE WHERE REFLECTION OCCURS

DO LOOP VARJABLE

DU LCOOP VRIABLE

DO LCOP VARIJMBLE

DOT PRODUCT OF DIF EDGE BINORMAL AND DIF RAY PROPAGATION
DIRECTICN

DIFFRACTED FIELD PHI POLARIZATION UNIT VECTOR IN DIFFRACTION
EDGE-FXED CCORDINATE SYSTEM (IN X,Y,Z RCS COMPONENTS)

PHI COMPONENT OF REFL RAY PROPAGATION DIRECTION IN REF COORD SYS.
PHI COMPONENT OF INCIDENT (SOURCE) RAY PROPAGATION DIRECTIOM
INCIDENT FIELD PHI POLARIZATION UNIT VECTOR IN DIFFRACTION
ENGE-F]1 XED CCORDINATE SYSTEM (IN X', Y.Z RCS COMPONENTS)
?nxkcoupousnr OF RAY PROPAGATION DIRECTION AFTER DIFFRACTION
N KCS

NEGATIVE DOT PRODUCT OF DIF EDGE BINCRMAL AND INCIDENT RAY
UNIT VECTOR

PSH*DPR
2@2;“3%550 KAY PHI ANGLE IN EDGE-FIXED COORDINATE SYSTEN

k4

INCIDENT RAY PHI ANGLE IN EDGE-FIXED COORDINATE SYSTEM

PHI COMPONENT OF INCIDENT RAY DIRECTION IN EDGE

FIXED COORDINATE SYSTEM

PHI COMPONENT OF DIFFRACTED RAY PROPAGATION DIRECTION IN
EDGE~FIXED CCORUINATE SYSTEM

DOT PRODUCT CF DIF PLATE NORMAL AND DIF RAY PROPAGATION
DIRECTION

NEGATIVE OF DOT PRODUCT OF DIF PLATE NORMAL AND INCIDENT

RAY PROPAGATION DIRECTION

SINE ‘OF BO, THE ANGLE THE DI FFRACTED RAY MAKES WITH THE EDGE
SINE OF HALr WEDGE ANGLE

DISTANCE FRCk SOURCE IMAGE TQ DIFFRACTION POINT (FROM SUB. DFPTAD
SINE QF PSR

SINE OF PHJK

SINE OF PSOk
DISTANCE FRCM SOURCE IMAGE TO MODIFIED DIFFRACTION POINT
S{NE OF THJhK

SINE OF THR

COE-FiCIENT OF CCHNER DIFFRACTED FIELDS

THEIA COMPONKENT Cr REFLECTED RAY DIRECTION IN REF COORD SYS
THETA COMPUKENT OF [NCIDENT (SOURCE) RAY PROPAGATION DIRECTION
ANGLE DI FFRACTED RAY MAKES WITH EDGE

ANGLE BETNEEN EDGE UNIT VECTOR AMD RAY FROM SOURCE

IMAGE LOCATICN TO CORNER NC

DISIANCE PARAMETER USED IN CALCULATING DISERACTION COEFFICIENTS
A3 MATRIX DEFINING THE SOURCE IMAGE COORD SYS, AXES

UNIG VECTON FROM SOURCE IMAGE TO CORNER | OR 2 OF £DGE NE
DISIANCE FRCM SCURCE [MAGE TO CORNER | OR 2 OF ENGE KE
VECTOR USED TO MOVE DIFFRACTION POINT OFF EDGE FOR SMADOMING
TES:S

UNIT VECTOR OF RAY INCIDENT ON EDGE FRON PLATE REFLECTION
(FRtH SUit. LEPTRD)

LT VECTUR OF HPY FHOM SOURCE INMAGE TO NODIFIED DI+ POINT
X,¥, AND 2 COMPOKENTS OF SOUNCE RAY PROPSSATION DIRECTION
DISTANCE AL(NG THE ENGE FRON FIRST CORNER OF EGGE TO

DI FERACTION POIN]

PLrENACTION PGINT (CALCULATED IM SUB. DEPTWD) IN RCS
VCDIFLED DIFFRACTION DOINT USED FOR SHADOMING TESTS

SUUKCE TMAGE LOCATION (FOR WEFLECTICH FHON PLATE 48)

SUUECE LOCATION IN REr COOHD SYS

B PROMXCT OF PROPACATION ODIRECTION UINIT VECTCR AND

VECTOR rHOM 0IFFRACTION POINT TO CORMNER &
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LISTING

«
]

SUBROUTINE RPLDPL(EDTH,EDPH,ECTH,ECPH, FNN,ME MP,MR)
DETERMINES THE REFLECTED/DIFFRACTED FIELD WITH PHASE
DIFFRACTED FROM EDGE #ME ON PLATE #MP.

.
son tom sen e b

COMPLEX EF,EG,EIPR,EIPL,EXPH,DIN,DIP,EDPR,EDPL,EDTH,EDPH

COMPLEX EIPRP,EIPLP,EIX,ElY,EIZ,CORN,FFCT
COMPLEX DH,Ds,DPHK,DPS,ECBI ,ECBR,ECTH,ECPH
CIMENSICN VI(3),XD(3),PHO(3),PH(3),BOP(3),B0(3),%DP(3)

DIMENSION XIS(3),VJ(3),VC(2,3),VCM(2),BRD(2),VT(3),VIP(3)

DIMENSION VAX(3,3)
LOGICAL LHIT,LSURF
LOGICAL LDEBUG,LTEST,LSLOPE,LCORNR,LDIF
COMMON/TEST/LDEBUG,LTEST
COMMON/LOGDIF/LSLOPE,LCORNR
COMMQN/EDMAG/YMAG( 14 ,6)
COMMON/GEOPLA/X(14,6,3),V{14,6,3),VP(14,6,3),VN(14,3)
2,MEP(14),4PX
COMMON/ZSORINF/XS(3),VXS(3,3)
COMMON/ZIMAINF/XIC14,14,3),VXI(3,3,14)
COMMON/DIR/D(3), THSR ,PHSR, SPHS ,CPHS,STHS ,CTHS
COMMON/THPHUV/DT (3),DP(2)
COMMON/PIS/P1,TP1,OPR,RPD
COMMON/ SURFAC/LSURF(14)
FNsFNN
Citt INITIALIZE FIELDS
EDTH=(Q, ,0.)
EDPH=(0. ,3.}
ECTH=(8.,0.)
ECPH=(V. ,d.}
I+ (LDEBUG) WHITE (6,106)
180 FORMAT (7,7 DEBUCGCING RPLOPL SUBROUTINE’)
MECuME+ ]
TF(MEC.GT.MEP(MP)) NECw1
DV’!&’.
DO 1Q N=1,2
DVaDVeDE MY &Y (4P, ME 1)
[FCABS(DV).GT..999) GO TO 4aC
CH!t b, SPECIFY SINGLE HEFL CTION SOURCE [MAGE LOCATION
) XISUN)wX ] (A MR, H)
C!4! 2. PEHFCHN DIFFRACTION PCINT GEOMETRY CALCULATIONS
Cl!t DETERMINE PERV]SSADLE RANCE FOR DIFFRACTION ANGLE
VCHL ) Img),
YCu(21=,
BROt 1),
BRDt2)=2,
DO 11 Nel )
VLT NI=XCMP NE, M =X TI8R uR, W)
VCL2 NI mX(UP EC P =X C4R, Ui N )
VCHE 1 davCut 1 )e w001 NYOVC L K )
" VON{2) oA CHE2 de¥ (2 ,N)eVC (2 H)
VORU 1Y e 5QRTONCHE 1D
VCN (2 ) aSORTIVCH(3)
R 12 Jar,2
DO 12 Hel )
VUGS ) avlid K12V s
12 PROCIYeRRDUS YoV SP QE eyl S, M)
BUEL =,
IF CLUOKRNR) BLWTLL =03
SHLOW= RN 1) =POEY
BUHE egR{ VoL
Ct1l OETEMMIEE JF UIFFRACTION EMISTS
TFEDVLLT LB VL ORUIW L GT BN Y 0 TO &

CHEY COMPUTE &INT DIFFRACTION PCINT ARD IMC GAY UNIT VECTOR Vi
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REFERRED TO ORIGIN. RAY IS REFLECTED FROM PLATE #uR AND
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PP

®eohmnit, &

R ]

- oy

raeiey  pmvmey

79

i9¢
el

ie2
193
104
15
Ido
147
19
19¢
tHig
(B

1e
13
114
s
tio
"y
118
1y
12¢
1214
122
1213
124
128
120
127
128
12%
130
13t
132

cit
cut

183

1el

104

12
1]

crit
cru

cry

cie
oin

cint

CALL DFPTWD(XIS,DV,V],SP,XD,4E,MP)
YiGayg,

ADN-GO

AFN=FNN

IFC(AFN.GT, 2. )AFN=6 ,=AFN
CNP=COS(AFN®P1/2,)

SHPmSINC(AFN*PL/2,)

DO 15 N=],3

XDP(N)uXD(N)

VMGaVMG* (XDIN) =X (MP, ME M)} AV (UP,HE M)
ADNa ADN+ (XTI (MR MR, NI=X(MP, |, N) Y RVNCKP, N)
LDIF=,TRUE.

1S DIF POIMT ON EDGE ME?

1F NOT, SET AT APPROPRIATE CCRNER AND SET LDIF FALSE
1F (VMG.LT.2,) GO TO 101

IF (VUG.LT.VMAG(MP ME)-1,E~4) GO TO 102
DO 103 Ns=1,3
XDP(N)=X(MP,MEC,N)=1 ,E=4#V(MP ME,N}
LDIF=,FALSE.

GO TO 182

DO 194 Nal 3
XDP(N)sX(MP ME N)Yo |  E-4nV( 3P ME N}
ILDIF=,FALSE.

DO 16 N=1,3
VECTaVP(HP JME, M) *CHP V(4P N )#SNP

XDRIN) =X DP (M) 1 E=5+VECT

3. CHECK TO SEC IF RAY IS SHADOWED
DOES DIFFRACTED RAY HIT ANOTHER PLATE?
CALL PLAINT(XDP,D, DHT, MR ,LHIT)

IFC(LHIT) GO TO 43

DOES DIFFRACTED RAY HIT A CYLIMDER?
CALL CYLINT(XUP,D,PHSR,OF7 ,LHIT, .TRUE.?
IFC(LHIT) GO TO 40

SPp=Q,

DO 111 Nal,3

VIPINaXDP (N )=-X]SUID
SPPaSPPeVIPINI OV IP (%)

SPPwSQRI(SPP)

DO 112 N=l 3

VIPIN) wV [P (N )/75PP

COES REFLECTIOM FRQM PLATZ MR OCCUR?
CALL PLAINTORIS VIP CHIT =NR LEIT)

IR (.NOT.LMITY GO TO &
(E(DHIT.GCT.SPPIGO TO 4

DHIRSSPR=-ONIT

DHIAUHR~1,0~3

DOES REFLECTED RAY NHIT AKUTHER PLATE HEFORE mFFaAC‘hGM
CALL PLATMTUXI S, VIR LT NE,LMET)
IFCLEITLARD. (OHT LT ORI G2 Tu 42
THIHaBTARZ (SCRTIVECL eV LY JoW) (2 00M{12)) V1 (3))
PHIR=BTAN2(VIL2) VI 1))

DOES NEFLECTED WHAY HIT A CYLINDER,

CALL CYLINTOXES, VI PHIR MY 81T, TRUE, )
TECLHETARDL (OHTLLT.DIR)) GO TG a0
CONPUTE INCIDENT Gay Ohm:'tm QN BLATE SR
KRONING REFLECTED DIREST W,

CAtL HEFEP(PMIR, THIR PHIw, THIN MR
SRtijes N LR

CPHISTUSIPHIR)

STHISINITILN

CTHI=IQS( TS

VOIS PKSS (1Y

7J12)-$¥MJO$IﬁJ

VIS (Y0

DOES INCINENT &Y #I0H SUURCE HIT A SLATE SEFORE REFLELTION
CALL PLAINTIIS, VI UG 3R LRIT)

389

g T o vk i e

2




o

R R

133
134 Cit!
135
130
137 Ct1t
138
13y
140

141
142
143

144
145
146 20
145 Ct 1
148
149
150
151
152
153
154
185
150
i157
158
159
e 21
141
162
told
104
165

(18]

182 Qi
Wy g1t
184

185

tdo 2v
187

isa cont
tey 11
159

vl

o gt
1% g
154

16% €1y
150

197

158 g1

IF(LHIT.AND.(OHT.LT.OHIT)} GO TO 42
DOES INCIDENT RAY HIT A CYLINDER?

CALL CYLINT(XS,VJ,PHJR ,OHT ,LHIT, .,FALSE,)

IFC(LHIT.AND. (DHT.LT.DHIT)) GO TO 40
ai Q,CM.CU[,ATE DIF ANGLES AND RELATED GEOMETRY

g

PP=gd,

QD=0,

PD=0.

DO 20 Ns1,3
Ql=0I=VN(MP NI #VI(M)

PP=PP=VP(MP,ME N)=VI(N)

QDaQDeVH(MP, NI #D(N)

POmPD+VP(MP (ME N )#D(N)

CALCULATE PSO AND PS, THE INCIDENT AMD DIF PHI ANGLES
PSOR=BTANZ (1], PP)

PSO=DPR*PSOR
IF(PSO.LT.¥.) PSOm360,+PSO
PSR=BTAN2(CD,PD)

PS=DPATPSK
IF(PS.LT.Q.) P35=36Q.4pS
PSOD=PSO
PSD=PS
IE(FMNLLE.2,)0¢ TO 2
FNeoFNN-2.

PSON=36¢.-PSC
PS0x359.-PS
FUP=Eli® |80 .+ 1. E-4

IFEPSO.CT.FNP.QR.PS.GT.FNP) GO TO 40
SPHO=S [N (PSOR)

CPHOSCCS(PSOR)

SPHaSIN(PSR)

CPH=CUS(PSR)

Cu ‘CUTE D FFRACTION POLARIZATION UNIT

VECTCHS (PHO,P:,30P,B0)

DO 39 Neil,3

PHOMN Y a-vD YR HE K ) eSPHO « HOKP K ) oCPHD

PHAN 1=V PP HE, N) #SPHOVE( U MNIeCPH

BOPL12e0HQE2 e v (3 I-PHOL I eY [ (2]

BOPt2)=BHOL3I el (1 1=PHIC 112 i)

BOPI)=RKOT] Jov] (2 1-PHOL2) eV (1)

SO eRN2 0 J)-PHI I D)

BO(2ePiiJleDt tI=PHIT1 T L))

LLIR BT TERI LIS IEEHISIT LI

CONPUTE SHO=SINE(B0)

SEOmSORTLEVIRD ME o2 2a (WP RE J1800 32100200 IUP NE 1)
2o I=VIHR RE, 1o ) 1T en 20 (VNP B8 200t 1}V iaR 88 )eDE2) )
2e02)

TEPu P e L8O SHD

9§, CORPUTE D FFERCTED FIELDS

CONDYTE SQURCE PATTERN RADTDNS

o0 20 Niet )

00 29 Ni=t )

CAXIHE (RI1eVETiNg N NS

Call SOURCEIE: G 81Y, BIV B12, THIR, Ful&,¥AK)

CONPUTE CONPORENTS OF INCIUENT FUELD GERD 4D PARALLEL

I0 THE EDGE .

EfPumE { 2eEH0T 1 Yo Ef Veluele 2 ef {TO0NI 22

EIPLeE [ RoliCPC L 10 ] YaEIDI 2V e E (20081 30

§F SLOSE DIF {3 DESIRED, CAMCULATE DMt SLGPE FIELD

PATIERY BACTORS o ]

FPLLILCPEICALL, SULRCOTFIPRD, EIPLP Y 340,809 ,VAX)

COMrUTE SMASE (RS )

CARSEDI{ teli Ve g ns 2203 by 2oy 1)

$APHCEWHCHFLE( D, TRl atBaR-52 2 1 2282 1S9

CONPYTE ¥UGE DIFFRACTIIN COEFF ICIENTS
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I99

- 20}
; 202
b, s 203
3 204
205
206
287
208
289
21¢
211
212 ¢
213
214
215
2i6
217
218
219
22¢
22!
222
223
224
225
22¢
227

229
23
23
232
233
234
23%
226
231

g,

23y
pL I
24!
L ¥

Fap——

240
&%

ot

(e 0
§ € Reb
i
[

253
B4

e,y
fon B Py
Y
of

S T

Rt BRITL it (R R LAY et

T e T By A e T T
it S

™

cr
cit

20)
e

(41

‘- s

<2

3

11
H

s

crie

35

ey

re

-
-

31

[

e Y

o

142
3

o

o -

CALL DW (DS, DM, DPS,DPH,TPP,OSD,PSCD, SRC, FlI, LSURF(U4P))
{F (LDEBUG) WHITE (s,+) EIPR,ELIPL

IF (LDEBUG) WRITE (6,*) DS,DH,D?5,DPH

IF (LDEBUG) WR.TE (6,*) TPP,PSD,PSCD,S5B0,FN

COMPUTE COMPENENTS OF EDGE DIF FIELD PERP, AND PARALLEL
TO THE EDGE

EDPHm—E| PRADHSEXPH

EDPL=-Ef PL2DSeEXPH

{F(.NOT.LSLOPEIGO TO 201

EDPRaEDPR-E] PRP*UPHeEXPH/CMPLX (D, , TPI*SP#*SBO)
EDPL=EDPL~E] PLP#DPSeEXPH/CUPLX (D, , TPI*SP#5BD)}

IF (,NOT.LDIF) GO TO 292

CORPUTE THETA AND PHI COUPOMNENTS OF EDCGE DIFF, FIEID
IF DIFFRACTION EXISTS
EDTH=EDPL*(BO i) »DT( 1)+HO(2)2DT(2)eBO(3)eDT(3))
2¢EDPRE (PR 19DTC1)+PHI2)2DT(2)#PH(I)#DT(3))
EDPHEDPL# (501 1)=DP{ 1)+30(2)4DP(2))
2+EDPR* (PH 1 J#DP L 1 1oPHI2)2DP(2))

6. IF CORNER DIF !S DESIRED, CALC COHMNER DIF FLiELDS
IF (. NOT.LCORNR) GO TO 49

BETH=PSD=-PSQD .
BETP=PSD+PSOD

EFa(Q,,8,)

Eﬁ"ﬁ- ,0‘ ’

NC=UE=1{

1Sh=1)

J=4
LOOP THRU BOTH CORNERS OMN EDGE #i4E
HCsUTe)
IFMC.CT.HEP{HP) ) HCmI]
JuJei
ISti=-~] SX
CTHe=1SN#8RD(S)
CTHP =] SXeDV
THPRAXCCIEOTHR)
THReAZOS(STY )
STHR»SIN(THR }
DEL=2.oTPI oWl (219 (0SSO (THRTHPR ) koo )
IP=EXCUR, BS, 1 ~XDE 11 1eDE I et XE NP HC,2)~XDL2) 16 2)
2LXEHDAT =Dt T 1000 )
TERN & STHRATPI ZLCYHO CTHR IZ2SART(VONII )
CONPUTE CONNER QIFFRACTION JOSFFRICIENT (COaM
Cﬁﬁsn—?EﬁHQFrCT(QgLIOCEXG€CA#£X€d..-!’}*€¥Cut3)-5?-ZP}-.2509tl)
CALL DUDEN, TOR LETN, S0, PN, EL, JTHUE. )
FRCLSURF (210D TR TN
CALL DHIOIP, TPR 52T 580, P, D8, JTHLELD
CUNPYUTE REDIFEED ‘Nﬁ 2IFF, COBFFICIENTS {1 0%)
%003&0025’
D‘s-&i&-ﬁ)t
GO 3¢ 342
5. L I
Ds=to. 2.0
CONPUTE COMPONENTS OF DIF FIELD PEEP, AND PARALLEL 19 &08E
EGBRw-E i PR el Ne BN
Eﬂﬂt--:lﬁ’-*$¢§tﬂ¥
F(.M..S.EL@?@ D TN Z9)
EQM WEDPR-E PR PSP IO EAPUACHOL R, TR 85085802
EOPLeENRL £ ] PLAM SeSABHITHDLR L0, , TR e P LA0 )
CONPUTE THbY AND BB} CUHNSONENTS OF CONREN DiF FIELD
BCTHENOLw BT 11007 1 a8B T2 21080 J1abT1 3))
QOEDFTG (DR L HaITL L) o BRI VDT 25 o INL JIORT( RS
EOPMSERL o THOL 1 IeSPU ) 8B0I I PeDRI2 Y]
JeEDSRO(BHL 1) eDP T LT e PRL DV SR 1 1
CONSUTE TOTAL THMETA AND el OOMDONENTS (EQR BOTH COINERS)
0¥ CUNNER DNF FIBLDS Ix 8EF COOGT SVS.
FFalFasCTHR ONY :

Q)

FRNE N

bae Vosmaret v




v 265 EG=EG*ECPH#CORN

E: 266 IF (,NCT.LDEBUG) 60 TO 136 :
g 267 WRITE (¢ *} DS,DH,EDPR,EDPL
p 268 WRITE (6,*) ECTH,ECPH,CORN
o 269 ° WRITE (8,*) EF,EG
< 3 270 36  CONTINUE
f 2n IF'NC.EQ.ME) GO TO 35
: 272 EC.HeEF
3 273 ECPH=EG 3
> 3 274 RETURN ;
e 275 48 IF (.NOT.LTEST) GO TO 204 :
3 270 WRITE (6,285)
- 217 205 FORMAT (/,¢ TESTING RPLDPL SUBROUTINE’) )
s 218 WRITE (6,*) EDTH,EDPH,ECTH,ECPH »
a 219 WRITE (6,.%) FN,MEHP MR .
. 280 204 RETURN
- 281 END

o
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RPLRCL
PURPOSE

To compute the geometricai optics field reflected by a given
plate and then reflected by the cylinder.

PERTINENT GEOMETRY

e

>

SOURCE
LOCATION

~
~ .
~

SOURCE IMAGE
LOCATION

Figure 99--I1lustration of plate reflected,
cylinder reflected ray.
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METHOD

Subroutine RPLRCL functions as a service routine for subroutine
RPLSCL, where the actual ptate-cylinder fields are computed. The
geonetrical optics reflected field components ETH and EPH computed
in RPLRCL are used only for reference purposes (when LOUT is set
true). The field components calculated in RPLRCL which are used in
RPLSCL, are the hard and soft components of the plate refiected field
incident on the cylinder at the reflection point. These components,
along with several other useful parameters, are passed to subroutine
RPLSCL through common block FUDGI.

Tne geomeiricail optics fields determined in this subruutine for
the reflection from the cylinder, are found in a similar manner to
the fields calculated in subroutine REFCYL. However, in this sub-
routine the field incident on the cylinder is found from the image
source for the particular plate of interest, as illustrated in Figure
99. The image source fields are calculated in a similar manner to
those obtained in subroutine REFPLA. The phase of the resultant
double reflectad field is referred to the reference coordirate system
origin. The double reflected field thus has the form

T A ooay @ IRR
= Nm {ETHB+EPH$) S
e-ij
where the factor e -a and the source weight (wm, are added elsewhere

in the code.

394

b ——— -

R s ot T




ok gopoi

T e v

-

FLOW DIAGRAM

RPLRCL (ETH,EPH,MP)

INPUT VARIABLES
MP the plate where the first reflection
oceurs

QUTPUT VARIABLES
ETH theta component of the doubly
reflected £ field in RCS
EPH phi component of the doubly reflected
E field in RCS

Can
reflection from cylinder
occur?

4

Set flag in LRFI,
Yes telling subroutine
RFPTCL not to use
previously defined
data as starting
point next time it
is c1lled

Compute reflection point on
cylirdar

Is
r-flection point off of

finite cylinderi‘—",
—

Does
reflecti... from plate
MP occur?

Compute firld components of
ray incideai (n cylinder av
reflection point {components
paralle! and pe-pendicylar
to plane of “acidence)

J !
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|

Compute field components of
ray reflected from cylinder
(components parallel and
perpendicular to plane

of incidence)

Calculate theta and pht
{polarization) components
of reflected-reflected
field in RCS

Calculate thata and phi components
of hard and soft components of
field incident on cylinder re-
flection point (values returned
to subroutine RPLSZL through a
cammon block)

ETH=0
EPH=0

o

Set LTRFI=, TRUE.
telling subroutine
RPLSCL that

G.0, reflected
field does not
exist

|
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SYMBOL DICTIONARY

CTHW  DOT PRODUCT OF CYLINDER NORMAL AND REFLECTION
PHUPAGATION DIRECTION UNIT VECTOR

CH COSINE OF Hh :

b PHOPAGATION DIRECTION AFTER CYL REFL. IN (X,Y,Z) RCS COMPONENTS

b1 DOT PRUDUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND
CYLINDER TANGENT UNIT YECTOR THROUGH TAN POINT 1 (2=D)

bb2 DOT PRODUCT OF UNIT VECTOR OF PROPAGATION DIRECTION AND
CYLINDER TANGENT UNIT VECTOR THROUGH TAN POINT 2 (2-I)

DHIS  DISTANCE FRLM REFLECTION POINT OM PLATE TO REFLECTIOM
PUINT ON THE CYLINDER

DHIT  DISTANCE FROM SOURCE TO HIT POINT (FROM PLAINT)

01 X¢Y, AND Z COMPONENTS OF INCIDENT RAY DIRECTION ON CYL IN RCS
bJ X4Y,Z COMPONENTS OF PROPAGATION DIRECTION OF RAY INCIDENT
ON PLATE

bXxy DOT PRODUCT OF VECTOR FROM ORIGIN TO SOURCE IMAGE
LOCATION AND PROPAGATION DIRECTIOH (2-D)
Er P. TERN FACTOR OF THETA COMPONENT OF INCIDENT FIELD IN RCS
EG PAITERN FACTOR OF PHI COMPONENT OF IMCIDENT FIELD IN RCS
EHPH  PHI COMPONENT OF THE HARD COMPONENT OF FIELD INCIDENT ON CYL
(PARALLEL TG PLANE OF INCIDENCE)
ENTH  THETA COMPONENT OF THE HARD COMPONENT OF FIELD INCINENT OM CYL
(PARALLEL TO PLANE OF INCIRENCE)
EIFP  INCIDENT CYL FIEID COMPONENT PARALLEL TO PLANE OF INCIDENCE
EIFK  [LICIDENT CYL FIELD COMPONENT PERPENDICULAR IO PLANE OF INC
&PH PHI COMPONENT QF CYL REFLECTED E-FIELD
EvPP  CYL REFLECTED FIELD COMPONENT PARALLEL TO PLANE OF IMCIDENCE
EHPE  CYL REFLECTED FIELD COMPONENT PERPENDICULAR TO PLANE OF INC.

ERX X,Y,2 COUPONENTS OF FIELD
ERY TICIDENT ON (OR REFLECTED FROM)
ENZ CYLIMDER IN RCS

ESPH  PHI COMPONENT OF THE SOFT COMPONENT OF FIELD INCIDENT ON CYL
(PERPENDICULAR TUG PLANE OF INCIDENCE)

ESIH  THETA COMPONENT OF THE SOFT COMPONENT OF FIEID INCIDENT ON CYL
(PERPENDICULAR TO PLAMNE OF [INCIDENCE)

ETH THETA COMPOMENT 2+ CYL REFLECTED E FIELD

EX
eY } PATIERN FACIOR OF X,Y,Z COMPONENTS OF SCURCE FIELD
EL INCIDENT ON CYLINDER [N RCS
LHIT  SET TRUE IF RAY PITS PLATE (FROM PLAINT)
Likrl  SET TRUE IF REFL DATA IS AVAILABLE FROM PREVIOUS PATTERN
ANGCLE (OR FOR NEXT PATTERN ANGLE (WHEN LEAVING ROUTINMNE))
LTHFl ST TRUE IF GEOMETRICAL OPTICS REFLECTED-REFLECTED
FLELD DOES NOT EXIST
PH COMPLEX PHASE AND RAY SPREADING COEFFICIFNT
PHIN  PHI COMPONENT OF INCIDENT RAY NRECTION OF CYL
KHU1  HAY SPHEADING RADIUS [N PLANE OF CYLINDER CHRVATURE
AT REFLECTICN PQINT
#HU2  RAY SPREADI!'G RADJUS NORMAL TO PLANE OF [NCIDENCE
AV nEFLECTION POINT
SMAG  LENGTH OF HAY F20M REFL POINT ON CYL TO SOURCE [WAGE
SUHH  PART OF SPREADING FACTOR

SXN
syu } Xo¥y AND 2 COMPONEHTS OF tINIT VECTOR OF RAY FROM REFL.
SZN POINT O CYLINDER TO SOURCE IMAGE LCCATION [N RCS
fHIR  THETA COMPOMENT OF INCIDENT RAY DIRECTION OM CYL

Jl kP
Ul Frpy }i.Y.Z COCPORENTS OF INCIDENT FIELD POLARIZATION UNIT VECTOR
JIP¥S ) PARALLEL TO PLAME OF INCIDENCE

UlPNX
ulpav}x.v.‘: COMPONENTS OF [NC/REFL FIELD POLARIZATION INIT VECTOR
UIPKC ) PLEPERDICULAR TO PLANE OF IKCIDENCE

Un$PX

UKPPY P X, Y, Z CONPONENTS OF REFL FIG1L) POLARIZATION UNIT VECTOR
UJhPR: ) CARALLEL T PLANE O [MCIDENCE

VAX PATUla DEFINING SOURCE COORNINATE SYS AXES [N RCS COMPONPNTS
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AlS X,Y,Z COMPONEMTS OF SOURCE 1MAGE 1.OCATION
ALSL HEFLECTION POINT Ot PLATE
AR LOCATION UF REFLECTIOM POINT um CYL IN (X.Y,Z} RCS

v M Qfmq‘
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CODE LISTING

[ 23

) - - S
} 2 SUBMOUTINE KPLHCL(ETH,EPH,HP) ]
, e .
4 Citl COMPUTES THE G.0. FIELD REFLECTED FROM PLATE #MP THEN
5 CLL KErLECTED FiGA'THE ELLIPTIC CYLINDER
; o Ciit
i 7 DIMENSION UN(2),UB(2),DI (3),DJ¢3),XIS(3) VAX(3,3)
: b COMPLEX ETH, EPH, EX,EYLEZ, PH. ELPR,E1PP, ERX, ERY,ERZ .ERPR ,ERPP
y COMPLEX ESTH,ESPH,EH. - SHPH, TRAN,EF,E3
: e LOGICAL LHIT.LKF1,LDEbU:, 5 TEST,LTRFI
1 i COMMONZFUDGT JTRAN. ESTH. E SPH, EHTH, EHPH, XR(3) ,RG,RHO1 , SUAG, LTRFI
i 12 COMUON/GEOMEL/ A, B, ZC(2), SKC(2) ,CNC(2), CTC(2)
15 COMMOLZSORINEZXS (3, VXS( 3, 3)
14 COMMON/TMATNEZ XT (14514, 3).VX1(3, 3, 14)
; 15 COMMON/CEOPLAZXC 14,6,3),V(14,0,3) VPL14,6,3) JVNC14,3)
! lo 2. 4EP(14) JHPX
H 1 COMMON/PIS/P1, TPI ,DPR, RPD
18 COMMON/DIR/D(3), THSR , PHSR , SPS, CPS, STHS, CTHS
Iy COMMON/THPHUVZOT (3) ,LP(2)
20 COMMONZENDICL/DTI (143 ,VT1(14,2),8TIC 14,4)
| 21 COMMON/TEST/LDEBUG ,LTEST
22 COMION/CLRFIZLRF1(14)
25 1F(LDEBUG) WRITE(o,9¢0)
; 24 460 FORMAT(/.’ DEBUGGING RPLRCL SUFROUTINE)
| 25 LTRFI=,FALSE.
f 20 CI11 CAN REFLECTICN FROK CYL!NDER OCCUR?
23 1F(DTI(XP) JLT.=1.5) GO TO 12
, 28 UXYXI(KP, kP, | 1#CPE#X] (4D 1P .2 )% SPS
g 2 IF(DXY.CTo#.) GO TO W
! ¢ LU1=BTI (4P, | )*CPS+B) 1 (P ,2)#5PE
30 LD2=8T1 (AP 3 3)*CPSeBTI(MP .4 )#EPE
2 I'* (DDI L GT. ITTCHP) . AND. DD3.GT.DTI (HP)) GO TO 12
; 33 10 CONTINUE
] 36 €111 CALCULAIE REFLECTION PGINT O™ CYLIMDER
: s CALL WEPTCLCPIISR AP, Vi, DOTP, N, S LRF1¢ 1P ))
36 [F(DOTP.LE.@.) GO TO 11
‘ 3% XR(1 )mA®COS(VR)
h 34 XR(21mBr SINC VL)
i 3y XH (3)mX] (4P, NP, 3 14S#CTHS/STHE
: <0 L1tL IS REFLECTION PO{KT OFF OF FINITE CYLINDER?
4l TFCARC3).GTo 2001 ) XRCI1#CTC 1) LOR.
. 42 2XR(31.LT.ZC(2)+XR(11#CTC(22) GO 0 1
i 43 C111  DUES CYLINDER REFLECTED RAY MIT A PLATF?
! . CALL PLAINICAK,D,OHT,2 LHIT)
o [r(LHIT) GO TO t1
L T.] SKiimX] (AP 2P 1 )=XR(1)
! 4 SYNeX] (NPL WP 21=XK(2)
i Y Setime3eC" HS/STHS
: o SAAGSSORT ( SXIRSYHeSYHOSYHeSZHESZM)
o SXNe S SEAU
51 SYNsSYH/ SHAG
52 SZNRSZN/SUAG
53 PHESUTAND [=SYN, =S )
54 THIRRBTAKZ ( SORT( SKEe SXNo STR SYN) (=523
5% SPHIwS|FLiH] i)
56 CPHI =CUS (PHIR)
5% STHIS TP CTHILD
59 CIHE =08 6301 500
oy DEOL I bl 9513
o 1 (2 Ve SPHE o STHL
ol DL ekl
¢ v I Kol

ve i Al STRI =X L 0P UP 1)

va Ui DUES WEFLECTION OFF OF PLATE 9P OCCUN?
oY o CALL PLATHTOXRES, D UM T, b LHIT)

() IFC.0TL4T) GO {0 1t
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o8 Ciit

iy Crlt

Be C1ydt

88 Ctiy
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tee !t
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(RS EL
122

DHIS=SMAG=DHIT

DOES REFLECTED WAY HIT PLATE BEFORE THE CYLINDER?
CALL PLAINT(XIS,DI ,DHT ,MP,LHIT)

IFCLHIT . AND. (DHT JLT. DHIS )) GO TO 1)

CALL REFBP(PHJH,THJR,PHIR,THIR ,MP)
SPHJaSIN(PHJIR)

CPHJI=COS(PHIK)

STHJ=SIN(THIR)

CTHI®COS(THJIR)

DJ 1) =CPRINSIHY

DJ (2 )uSPHJ#*STHJ

DJ(3)=ClK)

DUES SOUHCE RAY INC. ON PLATE MP HIT ANOTHER PLATE
OR THE CYLINDER FIRST?

CALL PLAINT(XS,DJ,DHT, MP,LHIT)

[F (LHIT.AND. (DHTLLT.DHIT)) GO TO 1)

CALL CYLINT(XS,DJ,PHJR,DHT ,LHIT, .FALSE.)
[ECLHIT.AND. (DHT.LT.OHIT)) GO TO 11

DO 29 NJ=1,3

DO 2¢! Nlwt,3

VAX{HI NI YRVXT(NT (NS iP)

CALCULAGE SOURCE PATTERN FACTOR

CALL SOLRCE(EF ,RG, EX,EY, EZ ,THIR, PHIR ,VAX)
IFCLDEBUG) WRITE(6,%*) EF.EG

RG=DD=ND*DD/A/B

CALL NANDB(UN,IIB,VR)
CTHW=UNC 1) C1 ) UN(2 }#N(2)

NR®BTAN2 (SXNSUB( | 3 #SYN*UB(2) ,SZN)

SuSIN(PR)

CHR=CUS(RR)

SST2 =Shin SHeCK*CNeCTHNACTHI

RHQO2=SMAG

RHG =Sl AGt RG*CTHN/ (RG#CTHN 2 , # SHAR®SST2)
CONPUTE POLARIZATION UMIT VECTORS
PERPENDICULAR AND PARALLEL TO PLANE OF INCIDENCE
UIPRXwSIN(AR=P[/2.)2UB( ] )
UIPRY®SIN(WR=-P[/2.)%08(2)
JIPRZeC(StHR=P123,)

GIPPXuSYN®UI PHZ~SZNRUTPRY

LI PPYuSZhel] PRX-SXM2LIPRZ
ULPPZeSXH# UL PR Y=-SYN=ULPRY
URPPXnU PR Y*DC I} U I PRZI(2)
ULiPPYaUl PRZD( 1 ) =UTPRX*D(3)

JRPPZwUT PRX#(2) ~UIPRYLD() }
PHeCEXPICMPLXC S, ,~TPI*SHAG ) ) /S¥AG

CALCULATE INCIUENT FIELD COMPONENTS . iRALLEL
ALD PERPENDICULAR TO PLAME OF [NCIDNENCE
E1PR={UIPRXEX+U I PRY#EY U] PRZOEZ) .
EIPPs(Ul PPXREXoUI PPYOEY UL DPZREZ )
Pﬁ-?ﬁnCEiP(CNDLx(O..TPI'(KR(l)tati)‘!th)tntzath(J)tn(J))))
SOkHeSQRT(RHC T eRNQZ )

COUPUTE REFLECTED FIELD COMPOMENTS PARALLEL
AND PERFENDICULAR TO PLANE OF INCIDENCE
ERPRw=-SORHePHE] Pid

FUPPwSQhHeBieE [ VP

TRal=SOkKepY

- EWXeENPRoULPRLSERDPPLURPPX

ERY#ERTASUIPRY#ERPPOURDDY

LREWTUPhOUTPH #CAPPIAPPY

CALCULATE THETA AMD PHI COMPOKENTS OF REFLECTED-
HEFLFCTED PIELD

CTHEAXOIT ) 1o ERYROT (2 )0 ER2 ST ()
EPvaEuXeitp el JoERYS DD LS )

CEAPGIE THETA AND PH] COMPONENT &F SOFT COMPONENT (W
PIELD (€, N CYLIKDER

EhXs &l Phed I PUY
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153 EHYsEIPhetf [PRY
s 134 ERZ=i:IPheU]PRE
3 13% ESTHmER AL i (1) +ERYADT(2) $ERZANT(
. ) 130 ESPHELRaA%P 1) +ERYRIN(2)
137 C41t COLFUTE THET# AND PHI COMPONENT OF 1R CCUPCIENT
158 C!it FIELD IMC. OF CYLINDER
3 13y ExX=E] PPRunPPK
: 14w ERY=El PE®URPFY
" 141 EHZ=E[ PPAUPPZ
142 EHTH=ERA*DT( 1) #ZHY*DT(2) +EPZADT( 3)
. 143 EHPH=EHX#DP( ) +ERY*DP(2)
: 144 GU TO 905
145 12 LRF1 (NP =, FALSE.
b 1406 1) LTRFI=,TRUE.
|4-l E‘H’(k’- ".,-’
b 148 EPH=(@, ,#.)
: 14% Sub  CONTINUE
as 15¢ Ir (. HOT,LTEST) RETURM
i1 MITE(o, v 1D
. 152 vy FURKAT(Z,” TESTING KPLRCIL. SUSRCUTINE”)
1 153 likE(o,®) ETH EPH, P
; 154 HETUR
* 159 END
1
i
1
%
i
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RPLRPL |

PURPOSE

To calculate the far zone electric field due to double reflection
from specified plates (reflection off of plate MP z:d then plate MPP).

B e can

PERTINENT GEOMETRY

[FEFTRN

A
D

R

[ g2 YOy

/ PLATE wmpPP

SOURCE XS

L PLATE MP
% /",
\smsu: REFLECTION DOUBLE REFLECTION
SOURCE IMAGE SOURCE IMAGE
XIs XTJ

Figurc 100--Geometry for doudble reflected ray.
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METHOD

The doubly reflected fields are found ‘sing image theory. The
double reflection source image is found so at the appropriate bound-
ary conditions are met at the reflection points. The ray paths are
checked to insure that they hit the appropriate plates and are not

shadowed by other obstacles. The phase factor, ejw'm, is then added
to the pattern factor obtained from the SOURCE subroutine, The doublv
reflected field is given in the form

A A -KR
7 (r,6,6) = W (ERTA + ERPY) Eq— -

-jkR
I:: f:g:or —re and the source weight (W) are added elsewhere in
C .
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FLOW DIAGRAM

RPLAPL (€AT,£80,0 100}

INPUT YARIASLES
W pliate where firee reflection ecours
¥P  plate where secoag reflection ocours

CUTPUT VaRIABLES
ERT  thets component of reflected field in 3CS
TRY Ant comonent of reflected field in 305

i
L
Soecify dauble -2’ lection
Tocation &¥5° (from
sudrout tre GEQM;

Joes ray
KIron faudle reflection tmgns
Bt plate w52

Does .
CrBly ref torted ray mit
peother staty or 3
celragir?

w

|

Tamdnig iy ML I Steerliem
TRTeea slaley W yes wrp

i _ !
 Sovchy imize tecatien FTY for wrce
Weew Frony aetteztize
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ey o srempy PR e——"
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NN

Ooces ray from first
reflection Nt snother plate or
cylinder defore hittiag
plate MP?

[ %]

|

Compute incident ray
direction oa plate W

I

Campute doudle re*lectfon inage
C33rdinate tyrtom ases

l

Tomgute tource attere
factare IF ane 1§

Corgntn prate teew
irefer jhase 1z erigta)

.
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SYMBOL

CPHI
CPHJ
CPhS
CTH!
CTHJ
CIHS

DHL1J

Gils
DHIT

DI
0J
EX
GAN
LHIT
up
KPP
PHIR

PHJR
PHSR

SPHI
SPHJ
SPHS
STHI
STHJ
THIK

THJR
THSR

VAX
VAXP
XI
X1J
XIS

XS

RO VA TR E e T e - A S . =

DICTIONARY

COSINE OF PHIK

JOSIKE OF PHJR

COSINE OF PHSP

CLSIRE OF THIR

COSINE OF THJR

COSINE OF ThSR

X,Y,Z COHPONENTS OF RAY PROPAGATION DIRECTION

AFTER SECOND REFLECTION IN RCS

DISTANCE FROM DOUBLE REFLECTION IMAGE TO HIT POINT

ON PLATE MPP

DISTANCE BETREEN REFLECTION POINTS

DISTIANCE FRCM SOURCE TO REFLECTION POINT

(FRGM PLAINT)

X, Y,Z COMPONENTS OF IMCIGENT RAY PROPAGATION
DIRECTION IN RCS

XyYyZ COMPONENTS OF PROPAGATION DIRECTION

OF RAY INCIDENT OH PLATE MPP

COMPLEX PHASE FACTOR (CEXP(J*TPI*GAM))

PHASE DISTANCE TO ORIGIN (DOT PRODUCT OF DOUBLE
REFLECTION IMAGE LOCATION AND REFLECTED RAY PROPAGATION
DIRECTION)

SET TRUE IF RAY INTERSECTS A PLATE OR CYLINDER

(FROM .PLAINT OR CYLINT)

PLATE FROM WHICH FIRST REFLECTION OCCURS

PLATE FROM KHICH SECOND REFLECTION OCCURS

PHI CUMPONENT OF INCIDENT RAY PROPAGATION

DIRECTION IN RCS

PHI COMPONENT OF RAY DIRECTION BETW_:M REFLECTIONS IN RCS
PHI COMPONENT OF RAY PROPAGATION DIRECTION

AFTER NEFLECTION IN RCS

SINE L- PHIk

SINE i PHIR

SINE OF PHSK

SINE OF THIk

SINE OF THJR

THET1A COMPCNENT CF INCIDENT RAY PROPAGATION

DIRECTION IN RCS

THETA COMPONENT OF RAY DIRECTION BETWEEN REFLECTIONS IN RCS
THETA COMPONENT OF RAY PROPAGATICN DIRECTION

AFTER REFLECTIONS IN RCS

XyY,Z COMPONENTS DEFINING UNIT VECTORS OF THE

SOURCE IMAGE COORDINATE SYSTEM AXES IN RCS COMPONENTS
XyYy,Z COMPONENTS DEFINING UNIT VECTORS OF THE

SOURCE IMAGE COORDINATE SYSTEM AXES IN RCS

FOR DOUBLE KkEFLECTION

TRIPLY DIMENSIONED ARRAY OF IMAGE LOCATONS

XyY,Z COMPONENTS OF DOUBLE REFLECTION IMAGE LOCATIGN
X,YyZ COMPONENTS OF SINGLE REFLECTION SOURCE IMAGE LOCATION
(SINGLE REFLECTION FROM PLATE MP)

SOURCE LOCATION IN (X,Y,Z) RCS

406
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v
T
: CODE LISTING
y ¢ -
- 2 o SUBKOUTINE RPLRPL(ERT,ERP,MP MPP)
N e
as 4 ¢! DETEHMINES THE REFL./REFL. FIELD WITH PHASE REFERRED TO
5 Cli! ORIGIN. RAY IS REFL. BY PLATE#MP THEN BY PLATE#MPR,
6 Ccrut
b T COMPLEX EF ,EG,EX,ERT,ERP,EIX,E1Y,EIZ
3 33 DIMENSION XIS(3).XIJ(B).DK(3).DJ(3).VAX(3.3),VAXP(3.3)
¥t Y LOGICAL LHIT )
19 LOGICAL LDEBUG,LTEST
- 1 COMMON/TEST/LDEBUG,LTEST
4 12 COMMON/DIR/D(3), THSR,PHSR, SPHS,CPHS,STHS .CTHS
» 13 COMMON/GEOPLA/ZX(14,6,3),V(14,6,3),VP(14,6,3),VN(14,3)
e 2,MEP(14) MPX
ih COMUON/ SORINF/XS(3),VXS(3,3)
- lo COMMON/ZIMAINF/XI(14,14,3),VX1(3,3,14)
t 17 CUMMON/PIS/PI,TPI,DPR,RPD
-« ls IF (LDEPUG) PKITE (6,101}
ly 10} FORMAT (/,7 DERUGGING RPLRPL SUBROUTINEZ)
- 2¢ C!iY SPECIFY IMAGE POSITION AFTER DOUBLE REFL.
X 2i DO 5 N=1,3
“. 22 ¢ XIJ(NY=X T CMP PPN
. 23 CtYY DOES kAY FROM DOUBLE REFL. IMAGE HIT PLATE #4pP
24 CALL PLAINT(X1J,.D,DHIJ~¥PP,LHIT)
- 25 IF(.NOT.LHIT) GO TO 50
¢ 20 C!tt  DOES DOUBLE REFL. RAY HIT ANOTHER PLATE
s 217 CALL PLAINT(XIJ,D,DHT,MPP,LHIT}
28 IF(LHIT) GO 710 5@
. 2y CtYt  DOES DOUBLE REFL. RAY HIT A CYLINDER
. K1/ CALL CYLINT(X1J,D,PHSR,DHT,LLHIT, .TRUE.)
: 31 IFC(LHIT) GO TO 5¢
- 32 C!it COMPUTE THE RAY DIR BETWEEN PLATES MP AND MPP (DJ)
;3 CALL REFBP(PHJR,THJR,PHSR, THSR,MPP)
- <4 IF (LDEBUG) VRITE (6,*) PHJR,THJR,PHSR,THSR,MPP
. 35 SPHJ=SIK(PHJK)
. 26 CPHJ=COS(PHIR)
e 3% STHJ=SIN(THJK)
SE CTHJ=COS({THJR)
: 3¢ DJ(1)=CPHI*STHJ
4u DJ(2)y=SFHI*STH]
. 41 NJ(3)=CTHJ
42 Ct!'!Y SPECIFY IMAGE LOCATION FOR SOQURCE AFTER FIRST REFLECTION
- 43 DO ¢ N=1,3
- 4 ¢ XIS(N)=XI(MP,MP,N)
. 45 C!!Y DOES RAY FROM FIRST IMAGE HIT PLATE #Mp
40 CALL PLAINT(XIS,DJ,DHIT,=-MP,LHIT)
47 IF(.NOT.LHIT) GO TO 5@
-~ 48 DHIS=DHIJ=DHIT
4y DHIS=DHIS~1.E-3
bR S0 C1!Y DOES RAY FROM FIRST IMAGE HIT ANOTHER PLATE BEFORE PLATE MPP?
51 CALL, PLAINT(XIS,DJ,DHT MP,LHIT)
. Sg IF(LHIT.AND. (DHT.LT.DHIS)) GO 10 50
& 53 C!Y! DOES RAY HIT A CYLINDER
Ey 54 CALL CYLINT{XIS,DJ PHJR,DHT,LHIT,.TRUE )
&5 TF(LKIT.AND. (DHT.LT.DHIS)) GO TO 50
56 C1t! KNOWING RAD. DIRECTION COMPUTE IMNCIDENT DIRECTION
T 57 CY1l  ON PLATE #MP
3 58 CALL REFBP(PHIR,THIR,PHJR,THJR ,MP)
d. 5y If (LDEbUG) WRITE (6,%) PHIR,THIR,PHJR,THJR,MP
(1%} SPHI=SIN(PHIR)
ol CPHI=COS(PHIR)
g 02 STHI=SIN(THIR)
65 CTHI=COS(THIR)
. o4 DI(1)}=CPHI*STHI
6h DI (2 )=SPHI #STHI

D1 (3)=CTHI

ey
>
>
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DUES kAY FROM SOURCE HIT ANOTHER PLATE BEFORE PLATE MP?
CALL PLAINT(XS,DI,DHT,¥P,LHIT)

IF (LHIT.AND. (DHT.LT.DHIT)) GO TO %@

DOES RAY FROM SOURCE HIT A CYLINDER

CALL CYLINT(XS,DI,PHIR,DHT,LHIT, .FALSE.)

IF(LHIT.AND. (DHT.LT.DHIT)) GO TO 5@

COMPUTE DOQUBLE REFL. SOURCE IMAGE COORD SYS AXES

DO 48 Nj=1,3

DO 4@ Ni=1.3

VAX(NI NJ)Y=VXI(NI,NJ,MP)

CALL TMDIR(VAXP,VAX,MPP)

IF REFL/REFL FIELD EXISTS COMPUTE THE SOURCE PATTERN FACTORS
CALL SOUKCE(EF,EG,EIX,EIY,EIZ,THSR,PHSR, VAXP)

IF (LDELUG) FRITE (6,*%) EF,EG

COMPUTE PHASE REFERRED TO ORIGIN

CAM=XI (MP, MPP, 1) *D (1 )+X] (MP ,MPP ,2) %D (2)+XI (MP, MPP, 3)#D(3)
EX=CEXP(CMPLX(®, ,TPI*GAM))

CALCULATE FAR-ZONE E~PHI AND E-THETA FIELDS

ERT=EF*EX

ERP=EG*EX

GO T0 !

CONTINUE

ERT“(@-,Q.)

ERP=(d.,0.)

IF ( HOT.LTEST) GO TO 2

KRITE (6,3)

FORMAT (/.” TESTING RPLRPL SUBROUTINEZ)

WRITE (6,%) ERT,ERP,MP,MPP

RETURN |

END
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RPLSCL
PURPOSE

To calculate the far-zone electric field of a source ray which
is reflected by a given plate and then scattered by the cylinder.

PERTINENT GEOMETRY

)Y
SOURCE
CREEPING
LOCATION WAVE RAY
XS 3
e ot

w--—" 6
W PLATE MP
L‘O%iﬁ'ElON REFLECTYED RAY

Figure 101--IT1Tlustration of ray reflected by a plate
and then scattered by the cylinder.

METHOD

A uniform Geometrical Theory of Diffraction solution for the
field reflected by a plate then reflected or diffracted by a cylinder
is computed in this subroutine. The fields reflected or diffracted
by the cylinder are determined in a similar manner as the fields
calculated in subroutine SCTCYL. However, the incident field is found
from the image source for the particular plate of interest, as 11-
lustrated in Figure 101. The image source fields are calculated in
a similar manner to theose obtained in subroutine REFPLA. The phase
of the resultant reflected-scattered fields are referred to the ref-
erence coordinate system origin. The form of this field is then given

by
-jkR
S = W (kT8eEPd) &
m R " 409
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-JkR
where the factor E-R—— and the source weight (W ) are added elsewhere
in the code. '

’

FLOW DIAGRAM

RPLSCL (ETV,EP,ERT,ERP,MP) i
-~
INPUT VARIABLES
M plate where reflection occurs
QUTPUT VARIABLES
ET  theta component of reflected-scattered .
field in RCS
€P phi component of reflected-scattered
field in RCS T
ERT theta component of geometrical optics .
reflected-reflected field in RCS l
ERP phi comoonent of geometrical optics

ref lected-reflectad field in RCS

ray raflected
from plate {1luminate
cylinder surface?

Yes

$T=0
EP=0
ERT=0
ERP=0

Loop through cy!linder
tangent vectors Return

Calculate ALR, the cylinder
scattered ray phi angle in
tan point coordinate
system

fal o)

-

Rt )
K]

t

ls
AlR-"?
grazring Incidence)

410




M.‘“ - CNC R N
[
f
g Compute geometrical optics reflected
3 terms (ALR<®)
3 {
- N .
i | NO reflected fields
present?
3 i :
} .
!
i
, Spezify fields incident on cylinder '
3 refiection potnt {from RPLRCL)
i
1 [
' Compyte creeping wave terms
g. Compute incident ray tangent
point
7
!
ls
ves tan point off of
4 inite cylinder)
. {
&
[]
s
- ~Veoy ray shadowed
ywhere?
1
. 411
g
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Does
reflection from
late WP occur

Yes

Perform creepinf wave computations
(see pp. 109-113, Reference 1)

gy

Compute hard and soft components
of creeping wave fields

L Compute scattered field hl
J

Compute grazing inctdence scattered field

Ooes
reflection from plate
M occur?

EE sy

It
orszing inc. ray
Ihedowed amywhere?

Yes

z’,‘
b

Compute inciomt paint For graging
K. ray

1 8
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PREv,

PO

P —

> e aa §

LY

[aere

¥ omnravg

Ly

Is
razing incident point off o
finite cylirder?

Yes

Co gute hard and soft companents
of incident field

Calculate grazing incidence
transition field

l Calculate tota! cylinder fields I

| Retyrn l

413
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SYMBOL DICTIONARY i

ALk CYLINDEKR REFLECTED RAY PHI ANGLE IM |
TAN POINT CCORDINATE SYSTEM (2-D) i

ALS PHI ANGLE DEFINING DIRECTION OF RHAY FROM RCS
OHIGIN TO SGURCE IMAGE IN TAN POINT COORD SYS

BX X,Y,Z COMPONENTS OF POLARIZATION UNIT!VECTOR

BY OF SUFT COMPONENT OF FIELD INCIDENT ON;CYL (PARALLEL
BZ TU CYL SURFACE AND NOKMAL TO INC RAY PROP DIR)

CFH HAKD TRANSITIOM FIELD COEFFICIENT 1

CFS SUF1T TRANSITIOM FIELD COEFFICIENT :

DEPH PHI COMPUNENT OF TRAMSITION FIELD IN RCS

LEIH THETA CONPOMLENT OF TRANSITION FIELD IM RCS

UHI DISTANCE FROM SOURCE IMAGE TO PLATE RFFLECTION
POIMT (FHOM PLAINT)

DHIV DISTANCE rFRCM PLATE REFLECTION POINT TO CYLINDER

DHi1 UISTANCE FROM SOURCE TO PIT POINT (FRQM PLAINT)

vl UillT VECTOR OF RAY [MNCIDENT ON CYLINDER
uJ X,Y,Z COMPOMENTS OF UNIT VECTOR OF PROPAGATION
DIRECTION OF SOURCE KAY INCIDENT ON PLATE
kr PATTERN FACTCR FCR THETA COMPONENT OF.
. IHCIDENT FIELD IN RCS ,
LG PATIERN FACTOR FOR PHI COMPOMENT OF

INCIDENT FIELD IN RCS
EHP PHI COMPONEL'T OF rHARI) COMPOMENT OF i
FIELD 'INCIDENT ON CYLINDER IN RCS i
CHT THETA COMPONENT OF HARD COMPONENT OF
FIELD INCIDENT ON CYLINDER INMN RCS '
* kP PHI COMPUMENT OF CYLIMNDER SCATTERED E FIFLLD WITH

PHASE- REFERKED TO RCS ORIGIN
Eq DOT PRODUCT CF UNIT VECTOR TANGENT TO,CYLINDER

A0 THE PRCOPAGATIOM DIR. UMIT VECTOR
ESP PHI COMPUNENT OF SOFT COMPONENT OF
FIELD INCIDENT ON CYLINDER I[N RCS i
£51 THETA COMPOMENT OF SOFT COMPOMENT OF -
FIELD INCIDEKRT OM CYLIMDER IN RCS :
-ET THETA COMPONENT OF CYLINDER SCATTERED E FIELD WITH
PHASE REFERKED TO RCS ORIGIN i

Ex
kY PATTERN FACTOR FOR X,Y,Z COMPONENTS OF
: INCIDENT FIELD IN RCS
1 VAHIABLZ USED TO STEP THROUGH TANGFNT POINTSE
LHIT  SET TRUE IF RAY HITS A PLATE (FROM PLAINT)
LTKFI  (RETURNED rFhOM RPLRCL) SET TRUE IF G.O.
CYLINDER REFLECTED FIELD DOES NOT EXIST
PHIR PHI COMPOINENT OF PROPAGATIOM DIRECTION OF
kAY INCIDENT ON CYLIMDER
PHJ K PHI COMPONENT OF PROPAGATICN DIRECTION OF
SOUACE RAY INCIDENT Ol PLATE
3 LENGTH OF VECTOR FROM SOURCE 1AAGE TO TAN POINT
(2 GR 3-1
THIR THETA COMNPORENT OF PROPAGATIOV DIRFCTION
CF RAY IUCIDENT ON CYLIMDEK .
Tiidu TIETA COMPONENT CF PROPAGATION DIRrCTION 0OF
SOCE ke AY [MCIDENT ON PLATE

Vi LLL AMICLE DLEAIHING POINT WRERE CI 'FFPI!I(‘ WAVE
LEAVES CYLINDEN

vi LLL. Anm. USED T DEFTNE  TANGENT pom'rs {2=D)

vL ELL ANGULE OEFINING LOMEH RANGE OF CHEEPING WAVE
TiAvEL O CYLIERER (2=1)) . !

vU ELL ALCGLE DEFINIHG UPPER HANCE OF CREEPIPS WAVE
THAVEL O' CYLINDDe (2=D) PR

F{y) X Yol COPPOPENTE OF DIRETCTION CF°F RAY FROY

YU SOUKCL 1O CYLIPDER TALGENT OIMNT CINCIDENT

iy

HAY FCR CRELPIYG AMD GRAZING [N2. CASESR)

414
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atl

YII} A, Y& COMPGREYTS OF SOINT VHERE INCIOENT LEEPINN

P 3 WAVE (U GHAZING WAVE) MEET> CYLINMPEMW

X1s Xy Y2 CUNPURLENTS OF IWAGE SOVKCE LOCATION (FOR
HEFLECTIONH FHOK PLATE 1P)

APP XY, 2 CONPCNENTS OF POINT VWIEHE RAY LEAVES CYLILDZR

Aitr Xo¥.Z2 CUYPOLENTS QF POINT WNERF CREERIMG pvE:
LEAVES SYLINDER

415
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CCDE LISTING

[ dY
Y

I C -
3 i SUBROUTINE RPLSCL(ET,EP,ERT,ERP,HP) i
4 C1!! COMPUTES THE FIELD REFLECTED FROM PLATE oMP THEN
5 CHit  SCATTERED FOU THE ELLIPTIC CYLINDER
6 C »
? COMPLEX CJ ,CPI4,CF JCFH,CFS ,F1, PEUN,OFUN i
b COMPLEX ELX, E1Y,ElZ,EIPH,EITH, ET,EP, ERT, EAP s
y COMPLEX REF, ESTH,ESPH, EHTH,EMPH, NETH, DEPH,EF ,EG
1o COMPLEX EST.ESP, ENT, ENP .
Y DIMENSION VI(2),ER(3),UN(2),1%5¢2),D1(3), XRF(3) ]
12 DIMENSION XIS(3),DJ¢3),VAX(3,3) i
13 LOGICAL LHIT,LTRFI,LDEBUG, LTEST, LRE],LAFIT
14 COMMON/GEGMEL/A, 8, 2C (23, SNC(2) ,CNC2),CTC(2)
15 COMMONZSOR INF/XS (33, ¥X5(3,3) Py
1o COMMONZIMAINFZXI (14, 14,30 VX1€3,3,14) é
17 COMHON/PIS/P],TO1, DPR, RPD .
I8 COMMON/GTDZAS 10, 38,5455, 048
iv CONMQN/DIR/D3 5, THSR ,PHSR, SOS, CPS, STHS, CWS -
20 COMMON/COMPACS ,OPT 4 i
2 COMNON/BNDICL/DTI € 14) VT1(14,2),8TL( 14,4) 3
22 COLMON/EUDGE ZREF ,ESTH, ESPH, EHTH, ENPH , (F.¢ 31 ,RG, RMO) DL, LTAF] -
COKRON/TEST/LDEBUG, LTEST
COMMON/CLRFIZLRETC '4) «
EXTERNAL FCT 1
IF(LDEBUG) mRITE(6,900) i

FORRAT(/,” DEBUGGING RPLSCL SUBRCUTINE®)

[RE WY NE VYV VR NE NI
—~EC TN AL
g

ET:HB..G.)
EP=i@. 0.)
EHT=(2.,8.)
ERP»(0.,0.)
32 C1YY CAN PLATE REFLECTED RAY [LLUMINATE CUIVED SURFACE?
13 IFEDTICHP) .LT.=1.5) 6O TO %9
‘ ERC1)=BTI(NP 1 20CP5eTT L (4P, 2)wSPS
3t ERC2)8BTL(UP I 1ECPSHBTI 4D  4)05PS
gg cre! LOOP THAU TANGENT VECTORS
1=l
kT [RFITe.FALSE,
3v WIOtIeVTLONR 1)
42 Se2reTiian g1
a1 3 CL T INYE
42 CALL RANDBIUN,I5,¥1t1)) ¢
aj SINARU L 1 o2 28Ul 21 0L i
46 Crit CALCULAYT apL#, TME REFLECTED RAY 2HI AMCLE (N {
4% Cl1Y TAKGENT P INT CO0RD. $Y5.
s ALR®BTAN2 ¢ NA, ~EBC] 1)
7 TFEatQ.LT.0. 0 AWRnalRe R i
48 Y IR BAZING INCIDENCE 1S ORESENT, SKID YO i
av Gt ARPROPRIATHE SECTIow L
s IECASSIPI<ALRY LT, @, Wgsr e T¢ Y
S1CIIE IF ALR.CT,. P! CONDUTE cRESP (NG am'i TERNS -
2 IFALE.CT, 8L c;s: o &
SF Clit CONBUYE REFLECTED FISLD V(4§ [F ALR L:. 3 <3
S¢ CALL k#‘lﬁtuwr.wv Hp)
55 C11! ARE HERLECTED FitLoS P BRTY
50 IFLLTREDY GO Yo ! ;
ST - SNASMINT 120X UMD %0, 1) &R €L {160 30, 20) }
1] Jlulet~i .
by CHASOHTIINE, IC 10N 1uD, N0 L oQTI{MS 0o 1Davi(iD 00 . 2
& ALSwBTANZ( SHaS «CHA3)
[ AL:S'-AL&“H”
8l CEYY 15 KEFLECYION SO $B RANDLED BY OTMER [AUSENT VESTOAY
el IFEafSOALESI. LT, Q. 3060 L ASD. L.80.2) GO 30 ¢
3 .3 PFIALRS LR, -2 W8S ) 40 16 1t
i &% CRalPleRiYowtl 23,2 y
‘ o SHSeEH01 $OLS (CL-RE01 ) i
i 415
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8 kg

Pt

H
12
13
114
"Hs
i)
13
e

(13

20
12

p->-3
23
134
12%
128
82«
i28
v
139
131
152

cL
ct

cru

15
e

SKWIGs=ABS(2.¢TPI*RHS/M/GH)

CFe=SORT (-2, /P1/SKN1C) oCP] 4sREF
CFeCERCEXP(=CJIEKN]GoSKN [GASKWIG/12.)
TTRM=SKKIG/ZGH

XX=P[2{DL*RHS) « TTRMATTRU

SPECIFY HARD AND SOFT COMYPONENTS OF FIELD INC. OH CYLINDER
FHOM RPLRCL

ESTeESTH

ESPeESPH

EXTeEHTH

EHPwEHPH

G0 TO0 30

CONTINUE

IFCLRFIT) LRFI(MP)w, FALSE.

LRFIT=,TAUE.

COMPUTE CREEPING NWAVE TERMS IF ALR .GT. PI
COHPUTE INCIDENT RAY TANGENT ROINT

X1 I=A2COSCVECL D)

Y11uB#SIK(VI(1))

XDaxXii-X1(np 40, 1)

YDeY |-l (MD 4P, 2}

S=SORT( XD XD+YD#YD)

211 =SeCTHS/STUG#X] (MP, 4P, 3)

1S TAN POINT ON (FINITE) CYLINDER?

1Fe211. G’I‘.ZC(I)OX!I'CTC(I).OR.
2Z11.LT1.2CL2IXIISCTCI2)) GO TO

ZDeZ Ei=Al¢MP D, 3)

PHIRSBTAN2( YD. 19)

THER=BTAN2 (S,20) .
SaSORT( SeSe2De2D) ;
DIt raXD/S

Q1 (2)e¥D/sS

DI1¢3)22DrS

DO 15 Ral,)3

XISINI=ARLUR P N}

DOES REFLECTION OFF OF PLATE WP QCCUR?

CALL PLAINTCXIS, DI .EI“IT.*JP LHIT)
JFLLROT.LHITE GO TO 1

DH{VeS-lHIT )

1S QAY SHADOMED BETWEEN REFLECTION AND L. FRRASTICN?
CALL PLAIRT(XIS, D, DHT, MR, UIT)
FFILHIT AND IDHTLLT.DHEV )Y 50 TO o
CALCULATE PRCPAGATION DIRSCTION OF QAY [ClpEny
ON PLATE AP

CALL REFBD(PRIR, THIR PHIR, THIR, #0)

St wSEIRTBRIG)

CRiJuCOSEPHINY

STHs=SiRETHIRY

CTHICIB (TLR)

Qi 1eC2H e5THY

B2 reiPs a3 THY

DItI el

1€ SUUNCE MAY SHGOKED BTFORE WY TTING PLATE w9y
Catl PLAINTLXS.DS IMT 2 L8

FRILHLY.ASE, ettéfr.s.'a‘.ri-l?n QY0

CALL CYLEINTOZE D PR T ‘ﬁ’.".i‘!!..?u}s )
'F'L&e*'.nn cnaer La.Nun D T

00 24 Hiel 3

59&&:*’( SCE [RafE AYE S ARD CALCULATS

CINECE PAYTY 8N PACTRS

D 2% Kiet 2

VARG N RIIRVE] IS RS ¥D)

CALL STHERLELEF, w.zn.ﬂv,sa IR, PR &, VALY
PERFORN ﬂ}:f?:ﬁf‘ WAVE CONPUTAT LTS
IFILEEBLS) MR TE(A ) FF.QG

1P .E0. 52 VDoBY AR (~DalPS 48805,

417




133
ile
135
136
137
138
139
14¢
144
142 26
143
144
145
140 25
147
148
14y
158
1514
152

154 Ct!it

to@
161
162
183
toa
165
1o
ta7
148
109 C
it
i3l
112

-
o
s

M
Tk

.
,or

Lk 27
e v,V
W7
A

IF(1.E0.2) VO=BTAN2(BeCPS, ~ASSPS)
YOPsVD-V]( 1}

1F(VOP.CT.PI) vOP=VDP-TP]
[FIVOP.LT.~P]) VDP=VDPeTP]
IF(1.EQ.2) GO TO 2@

1F(VDP.LT.2.) GO TO |

ViaVi(l}

CUsVDPeVILL)

GO TO 25

CONTINUE

IF(VDP.CGT.9.) GO TQ 1

viaVDpevi(l)

YUa71(1)

CONTiNUE

CALL FXAHG(SEWIG,AS, VL, v}

XRF{ 1) mA*COS (VD)

XHF(2)aB2SIN(VD)

10=3

CALL DOG32(VL,VU,FCT,SS)

S58SS/5S

XRF(3) =2} [+$SoCTHS

DOES RAY HIT PLATE AFTES LEAVING CYLINDER?
CALL PuwumF BJOHITOLLEIT)
IFCLHIT) GO 50 |

Call QAECWRGK AT VLN

CALL RADCV(RGE RT,¥D}
ClM2(PIoPL RO R 100 ), 24,)
CFa~CUYSCP {3 oCEAP(~CIOTP 0 {SeSSI/PL/SORT(2,.905)
CRalFeCEXP(CIoTPIO(XRF(1)oDC 1) oXRF(2)0D( 2o XRF(IIeT{ 3} )}
TTRE=SKRIG/GMm

IXaP[eSaTTRUSTTAY

BXa=UNt2}eD[ (3}

BYsUN¢ 1 2eDE¢3)

BZaUNE2 )01 )-UNC IS0 2)

ESPatg, 002

EHT'CQ. .uo )

COMPUTE HAMO AND SOFT CHEEDIMNG WAVE CORPONENTS
EHPREL KoM JoT You (2}

ESTeE ! XoBLeE I YoDVoE[ 032

IR £0.1) SHPw-EHR

LF(I 89,20 E57==ESY

CONTINUE

COMPYTE THE SCATTEARED FIELY
XESeSART (TR KAL)

YEX#SCHT( 2 .o 2ELPL

CTALL FAMBLSICRE, $5%, K1)
Fm:s.-s:a,xm;g-txﬁ.,.s-o 51
ElnXXSed o E ¥Rt ot Sodiefll}
Blu<Bl/SEXIU/3IR0E2,0)

SoTPesEhT 2 052

CRHs{F o (B “OTfega Ui SKE iGN
CrRaCPetFi o3RI PP UHI STUIG !
DEPHaCE RIE MDD L FS0ESD

08 TH=C PRI NS oS P LR ST

¢ 70 &

CONT iNuE _ )
COMPLTE Al IRD ML, SCATTEED FIELWD
e 3% =t}

A SNkl INS MR N

K053 ﬁ‘éﬂé‘f‘.’bm FEG RLATE WS O0CUV T CRAZING xxwm
SIRESTICNY

Call 24 :3*-'7«1;5.3.:‘&& IR A

TRt EGT . LMETY ’s—, 3 §

5 RAY TEAIRLD 8F &ﬁi\ REFLECTIORS?
LALL §L53M?€3.5.3?.PF*0"“.L9!N‘
IFil®iT) GO I ¢

18

P, Samarry '

e )

PR

PR Ty

PRIIORY Siren g &by ¢ enid
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bomriany

Wy g

199
200
201
202
203
204
205
286
287 it
208
28y
219
211
212 ¢y
213
214
215
216
21i
218
219
220 Ct1it
221
222
223
224
225
226
227
228
22y 36
23¢
230
232
233
234
23%
336 cH
an

238

2&9
240
2¢i
242

245 CHUY.

2ed
245
sS40 &
JeT 11t
2ed
2as
%9
251
252
253

P 3 ]

%5 4

v =

25
257 @9
SBa
o 14
S66 I
J&t
262
28X
204

CALL REFBP(PNJN, THJR,PHSR, THSR ,MP)

SPHJ=SIN(PHIR)

CPHIoCOS (PHIR)

STRISSIN(THIR)

CTHJ=COS (THIR}

DJC1)aCPHI#STH

DJ(2)eSPHI¥STHI

DU ¢ 3)=CTH)

IS INCIDENT (SOURCE) RAY SHADOWED BY PLATE OR CYLINDER?
CALL PLAINT{XS,DJ, DHT,HP ,LHIT)
IFILHIT.AND. (DHT.LT.DHIT)) GO TO |

CALL CYLINT(XS,DJ, PHJH,DHT,LHIT, .FALSE.)
IFCLHIT. AND. ¢DIT.LT.DHITH) 'GG TO ¢

CALCULATE GRAZING INCIDEMCE POINT

SON==G1GNS [, SINCALR))

X 1wAeCOSCVI (T ))

YIIeBeSINCVI(] )

XD X11=XI C4PMP, 1)

YOsY1[-XI(MP P 2)

SsSQRT ( XD* XD+ YD4YD)

Z119SACTHS/STHSSXT (UB HP, 3)

IS GRAZING IC. POINT OFF OF FINITE CYLINDER?
LF(211.GT. 201 )eX[ [4CTCC 11 .0R.
2Z1E.LT.2CE2)+X[1+CTCE(2)) GO TO §

2D =21 (N> MP,3)

S=SORT( S+SeZDe20)

CALL RADCY(RGI,AT,VItIN

C=(PI2RCl Ieng 1. 23,)

DO 3o NJ=1,) - .

00 36 Nlwmi.3

VAX{NE (N =VXT (RE NS NE)

CALL SOURCE(EF EG,EIX,E1Y,EI2, THSR, PSR, VAX)
CEaCEXPCCIOTRI #( X1 (HPINP 1 )00 ) oX ECHP, 1P, 2) #0120
T 2D GNP NP, 3K I D)

BEn={li 2 teDt 3}

BYaUNC L 3eD(D}

BZaUMC2 1o ) 2R 1 )aDE )

CALCULATE HARD AND SOFT COMPONENTS OF [XCIDENT FIELD
EHPSED XNt JoEL YeyH2) -
ESTeELXeBXSEIVaDYeE] 2062
IFC1.EQ. 1) ElDa=ENP
{FU1.ED.2) ELTw-ES]

CFHeLHRaCB] doQEUN D . ) /SR T(RI 05 )
CFSeGNOCOE 40 BRURLE. ) ASORT( L 05)

CCALOULATE CRAZING INCIOENCE ITRANSITION FIELD
DETHe (2,5 CF oS ~CFSeEST 10 CE -
DEMe( Q. 5-EG-$GG<&Q€-E:® relF
CONTINUE
CALCULATE T07AL CVLIIGER FIEWS
SPeEPangen:

ETwiTeDETE

1P LSty KHTTECo 1. SER{G, 1K, F1.CF
IFILUEBUG) REITELG,») CFK,CES
IFILEEBLD) HEITE (6, 0) EUT,E4T
IECLOSBUC) SRITEe.») EMPLESD
gsgL?swcv uRiYEto,e) DEIH,IEPH

[ 2% J

{Fi1.4E.2 GO 70 3
CONT IKVE
184, K0T .LYEST) GETUSK
WEITEa Gial
FSRRATE7,” TESTING RPLECL SBROUTINE?:
K21TR(G, ) ET,E0 80
ERITELD, %) BT, E%P
EETUEN
£X0
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1 SCLRPL
PURPOSE

To compute the far-zone electric field of a source ray which
is scattered by the cylinder and then reflectad by a given plate.

B Bl Gl BEN B MW B0 e

f‘.; PERTIMENT GEOMETRY
¥y
i i A
E ! D
] 7y 0
5 CREEPING
g WAVE RAY
- —
-
! REFLECTED §
3 ’ RAY .
| SOURCE
LOCATION
XS
{3
g Figure 102--11lustration of ray scattered by the cylinder e
o5 and reflected by a plate
: METHOD

A uniform Geometrical Theory of Diffragtion solution for the
field reflected or diffracted by a cylinder then reflected by a plate
is computed in this subroutine. The fields reflected or diffracted
by the cylinder in the direction of the plate are determined in a
similar manner as the fields calculated in subroctine SCTCYL. The
direction of the ray incident on the plate is determined by imaging
the observation direction into the plate, as illustrated in Figure
102. The plate reflected fields are found by satisfying the boundary
conditions for the fields at the surface of the plate. The phase
of the resultant scattered-reflected fields are referred to the ref-
erence coordinate origin, The form of this field is then given by

Samunay M [ r—
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-JkR
=S,r A ~
5" = W (ETB+EPG) S
here the fact —R--e-ij (
< where the factor and the source weight (W
in the code. m

PIIv

)} are added elsewhere

FLOW DIAGRAM

j SCLRPL (ET,EP,ERT,ERP,MR)
INPUT VARIABLES
: MP  plate where reflection occurs
3 , OUTPUT VARIABLES
ER  theta component of scattered-
reflected field in RCS
EP  phi component of scattered-
reflected field in RCS
I ERT theta component of geometrical
optics reflected-reflectad
field in RCS
- ERP phi component of G.0, reflected-
i reflected field in RCS
- i ource illuminate cylinder? Ho
: :
; 3 H
3 3 .. Compute propagatton dirsction Eg:g
X . E of ray betwe$n cylinder and ERT=0
‘ . plate ERP=0
i : :
[ §pecify tingent vectors AAJ | Return
z |
i

. [7 Loop thru tangent points ¥4J

B romtinn §

Calculate ALR, the cylinder
reflected ray phi angle in
tangent point coordinate
system

[Ty

Is
ALR.®? (grazing
inc tdence)

Yas

* amnrig

421
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v
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'
B
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N
3
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:
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'
N
k.
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]
L
A
€ 3
S d
: 3
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r 9
& .
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4
-
.
v
vy
+
s
B
“a
“ X
< "
- :
i
. E v
o .
. 3
P .
. . : R
.
. ‘ 3
< Y

| ——Ves

Are
G.0. reflected fields
present?

other tangent
vector?

Compute geometrical optics reflected cylinder fields

Specify hard and soft components of
field incident on cylinder re-
flection point (from subroutine

RCLRPL)

]

[
Compute creeping wave terms

|

Compute incident ray tangent
point

Is
tangent point off of
finite cylinder?

422
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S e e —

PR

[ TR

Is
incident ray on cylinder
shadowed by a
plate?

[ IR

Calculate incident field
pattern factor

{

[_fgrfonm creeping wave computations l

 SERTEEpTY

o owang

Does
creeping wave reflection
from plate Mp
occur?

g

. Yes
{
§
4.
L
i [—y——Yes ray shadowed anywhere?
i,
i
§
e Compute hard and soft
creeping wave components
T
{
- Compute cylinder
Scattered field
T ]
!
“-e
Compute grazing incidence srattered field
-
3
de
Does
grazing incidence

No ray reflect from

dlo plate Mp

Is
L2y shadowed anywhere

g. Yes
& E

.
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[——Calcuhte incident point on cylinder ]

Is point of
razing incidence off of finite
cylinder?

No

Compute source field
pattern factor

gmany  guany

Compute hard and Soft components
of field incident on cylinder

)

+

Calculate grazing incidence
scattered field .

Calculate total cylinder fields reflected from plate

Compute field components incident on
plate reflection ppint parallel and
perpendicular to plate

oy

Compute thets and phi componants
of plate reflecteqd field

Compute total theta and phi components
of plate reflected field in RCS

| Return l
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SYMBOL DICTIONARY

Al
Al
AJ
ALk

ALKS
ALS

BX
BY
74

cii
cte
c21
a2
CFH
CES
bepPH
UELH
Ul
DJ

13
ECG
trP

EAT
ER

ERP
Enl
eSP

eS]

PHIK
PHJ k

SKNIG
[HIR
THIR

T1kM
Xl
{Ys
142
I'Ye
ub
UN
vl
VL

vl

vi
all
Yu.}
L
Al}
Yi
<l

AKE
KRS

FLELD COMPONEMTS OF RAY INCIDENT ON PLATE

NURMAL AMND TANGENY TO PLATE

DETERMINANT OF POLARIZATION TRAMNSFORMATION

PHI ANGLE DEFINING PKOPAGATION DIRRCTION IM TAN
POIKT COURDIRATE SYSTEM (2~-C)

DIFFERENCE LFTHEEN ALS AND ALR

PHL ANGLE DEFINING DIRECTION OF RAY FROM KCS
ORIGIN TO SCURCE IN TAM POINT COORD SYS

XoY.Z COMPONENTS GF POLARIZATION UMIT VECTOH

OF SOFT COMFCNENT CF FIELD INCIDENT OMN CYL (PARALLEL
TO CYL SURFACE AND MORMAL TO INC FIELD PHOP DIR})

COErFICIENTS USED TO CONVERT POLARIZATION FROM

THETA AND PHI COMPONENTS IM RCS TO COMPONEMNTS

NORLAL AND TANGENT TO PLATE (AND VICE-VERSA)

HARD TRANSITION FIELD COEFFICIENT

SUFT TRAMSITION FLELD COEFFICIENT

PHI COMPONENT OF THARSITION FIELD IN RCS

THETA COMPOLENT OF TRANSITION FIFLD' IM RCS

Xo'ly AND Z COMPOLENTS OF IMCIDENT RAY DIRECTION ON CYL IN RCS
XeYoZ COUPOLENTS OF PEOPAGATIOMN DIBECTION OF RAY

EETJEEN CYLINDEK AND FLATE [M PCS

THETA COUPORENT CF SOURCE FIELD PAGTERM FACTOR [M RCS

Pill COMPONEI'T OF SOURCE FIELD PATTERM FACICR [N RCS

#Hl COMPONENLT OF HAPD COMPONEIT OF GEOMETRICAL

CPTICS FIELD IUCIDENT oM CYLILDER IN RCS

THETA COMPOMENT Gk HAuD COMPCHE!T OF GEOMITRICAL

OPTICS FIELD INCIDENT G CYLINDER 1M RCS

DOT PROGUCT OF CYLIKDER TAMGENT UMIT VECTCk AND REFLECTED
HAY PROPAGATION DIRECVION (2-)

PHI COMPULERT OF G.0. REFL-IEFL FIELD [V RCS

THETA COMPOIENT COF G.0. WEFL=-QEFI. FTELD I! RCS

PHI COMPONLYT CF SOFT COMPONEMT OF GROMETHICAL

CPIICS FIELL INCINDENT ON CYLINDER [N KCS

THETA COMPOMENT CF SOFT COVPOMENT CF SECMUTRICAL

OPJICS rIELD [NCIDEAT ON CYLINDER IN Q28

PHI COMPONENT Ur INCIDEXNT RAY DIRECTION o CYL

PHI CUMPONINT OF RAY PROPAGATICH DILECTIGN TETTZEM
CYLINDER AND PLATE

PARAMETEN USED IN TRANSITION RIMCTION

THETA CO*PONENT CF INCIDENT DAY NIKECTiOP oF CYLINDER
THETA COMPULENT OF HAY PHOPAGATICN I'IRECTION RITWEEN CVLIMNER
AND PLATE

PARAMETLR USED [N To«AMSITION FUNCTIOQY

XY CUMPUNENTS OF RAY FRCM SOURCE

TANGENT TO TAN POIMT t (2=

XY COMPOUELTS OF RAY FRC: SOUNCE

TANGENT TU TAN PCINT 2 (2-[)

XY COMPONENS OF UNIT VECTOR TANGENT TO CYL A7 Tad 2AIvT
X ¥ COMPOUNENTS OF WIIT VECTOH MO:MAL TC CYL Al TAM PCINT
ELL. ANGLE LSED 10 DEPIMNE TANGENT POINTS (2=

ELL ANGLE DEFIRING LOGCR LIZIT OF CREEPI'MS WAVT TRAVEL

N CYLINDER

XoYeZ COUPOMENTS OF POLARIZATICIH URIT VECTCR PERPENDICUAY
10 PLANE OF LICIDFICE FOR RAY IPCIDENT OF PLATS

ELL ANGLE DEFINING UPFER LINIT 2F CREEPI™3 VAVIL [RAVEL
ON UYLINDER

XY Z CORPOLEXNTS OF DEWECTION CF RAY FadM

SuUnClk TO CYLIEDER TALGENT POINT ClhQIDEMY

RAY FUK CREEPIING AND GRAZIMG [NC. CASES)

X, ¥4 COMPOLENTS OF POINT RUELE 1LCILENT CLEEPIYG

WAYYE (Ol GHAZING SAVE) 2LEVS CYLIMDEL

Aoty d CURPOLENTS Or POINT SHINE CREZRIMG CAVE | SAVES CYLI DEN
A, Y 2 COMPULRITS OF (FFLECTION POLIT LACATION O DLATE M7
ALSU PULNY RHEKE CLEEDTIRC oAvE LEAVES CYLIMER

ALSU JUAGE CF XRE I P{ATE D

43
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CODE LISTING

pommn e

1C .
P \ SULWCUTINE SCLKPLCET,EP, ENT, ERP, M) [
< Uit
4 CliE CCMPUTES THE FIELD SCATTERED FROYW THE CYLImTR TIHEM REFLECTED
b CHEY rod PLATE #2P
e Lt -
y COMPLEX CJ,CP14,CF,CiH,CES,E1,PFUM NELI i
8 COMPLEX EI1X,ESY,EIZ,EIPH EITH, ET EP,ENT, ERP
v COMPLEX REF,ESTH,ESPH, EHT!,EHPH, DETH,DEPH, EF ,EG
i COMPLEX EST,ESP,ENT,EHP, A1 (A2

11 DIMERSIUN VI(2),ER(2),IN(2),UB(2),DI(2), XRF(3) XRSL ), YT(3),NJ(3) .
12 LOGICAL LHIT,LTRFJ,LDERUG,LTEST ,LRFS,LF.-5T _
13 CONMON/GEOPLAZX( 14,6,3),V(14,5,3),VP(14,6,3),VI(14,3)
la 2 MEP(14), 4PX
15 COMHON/GEOMEL/A, R,ZC(2),SIC2) (CHC(2:.CTC(2) .
lo COMMON/SOR INF/ZXS(3) ,VXS( 3, 5) l
'y COMMONZELS/PY TP DPH,RPD -
™ CONHON/ZUTUZAS, 10, SAS, SASP,CAS :

Iy COFHON/ZDIR/D(3), THSH, PHSR, SPS,CPE, 57 115 ,CTHS

2« CC4 MO/ HPRUNVZDT (3) , DP(2) =

21 COMAUH/CGAP/CS ,CPL 4 !.

2 CONAUNZLEDSCLZETS VIS 2) TS (4)

2c COMEUNZFUDGI ZRES JESTH, ESBH, FHTH, EHPH 4 X#€ 23, A6, kHOI (DL, LTRFJ

24 COMION/TEST/ZLDEBUG, LTEST .

P COMMUIN/CLAFSZLRFS( 14) ,

20 EXTEHNAL FCT A

27 ET=(Ue, )

b EP={4}, 'ko)

2y ERT= (e, 0. )

30 ERPm(de ()

31 €ttt CAM SUUKCE ILLUMINATE CYLiMDER? 2

iz 1+ (UTS.LT.=1.5) G0 TO W'y :

2: €110 COUPUTE PHCPAGATION DIRECTION OF WAY HETHEEM .

Za C1H0 CYLINDER AMD PLATE

iv CALL HEFI P (PHJl, THJR (PHSR, THSR (M1}

30 SPHJ=SIMNPEIh)

i CPHImCOS( PHIK)

St SiHI=SIE CiRdR) -

3 CTHJ=COLC THI :

w CJ U1 I=CPRI*STH) [

al L2 )mSPH) e 53R

a2 GJ(3)=CTh) .

“ AS=Pl=TtJE i

44 SAS=SIMN(AS)

4y SASPRABS (ST (AS=1*.5%P] )) :

40 CAS=COS(AS)

&% U110 SPECIFY TANGF 1 VECTCHS

44 Tal=hSt))

“y TYI1=UTS()

LY JR2ei§1502)

9l 1¥amhi5(4)

9¢ Eb (1 )mTAVSCEIJoTY I 0SPHY

b £k (2 )8TA2¢CPHIST Y2¢SPHJ

ud LIt LOOR IRLL TARGENT VECTOURS

LYy I=

ue LKFST= rALSE,

%% VitideVisth)

L Vi(2ImVis(2}

1Y IrCLENUCY LAITE(O, %)

Ge §.tY PORCATUZ o2 DEMIGGLLG SULEPL SHRLCUTI:2)

el . CUNT INUL

ve CALL BAPDGAUE U, VIO

ua SIRASUNC I YeCPH e Ul (2 )e8D))

L0t CALCHLATE ALk, THE RFFL Ay 21 ARGLE IM Tatl 301°°T COSRD SYS,
ALMWHTARZ C STRA =L ))

[E(ALiveliorts) AHaALKOTO! I
a1
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X
ol
oY

et mto? ettt
i S

W, at

0

§ g
Fy

s‘.-‘v:;,.‘.—‘
L

PR |
-
<

P iy
-
=

liw
1
112
s
Vi
1y
il
e
g. ila
i ity

12

1ed
* 1od
E 124
3. 1oe

e
. 10
] e
124
idv
oy
e
‘ﬂ}

ooy

2R}
el
(SRR
(3

(S RE

ety

e
Ly

it

(3

it

(S RL

Ir CRAZING INCIDENCE 1S PHESENT, SKIP TO APPPOPRIATE FECTIOM
TFCABSCPTI=ALK) LT 10 4419) GO TO S

IE ALK 1S GoTe THAN PL, CONDUTE CREESING WAVE TEL4S
TECALKR.CTOPL) GO 70O 16

CONPYIE Ga0. REFLECTFD +{CLD TERMS IF AR JLE. P!
CALlL. HCLHKPL(ERT,ERPMP)

ARE HEFLECTED FIELDS PRESEMT?

IF(LINEJ) GO TO
SNASSUM( 1) xXSC1)eIM(2)%XS(2)

[Ca2w]~1

CSASaBTS(IC)*XSU 1) +RIS(ICe1)#XSL2)
ALS=BTAL2( SHAS (=CSAS)

ALRS=ALK=AlS

1S KHEFLECTIC! TO BE HANDLED ®1TH OTHEH TAN VECTOR?
TFCABSCALRS) JLT 0, 00085 A 1 ,EN,2) GO TC 1
iF(I\LhS.LE.';).tM‘!S) GC TO |
Gim(PIaLC)wx(),/3,)

HHSaRHO L *NL/ (DL=kHO01 )
SKHIGe=pBS (2 TR I#NES/PI/CY)

CFmeSUKY (=2, /P I/SSATCI MR «witEF

CEFaCFRCE)P (=CInSKMIGHSK [GoSKIIG21 2.
TTh=8K) [GrQ

AXnP (DL HS) »TTURRTTR™ °

SPECIFY G.0. WEFLECTED FIELDY COYPONEMIS (FitOM REFCYL)
EST=ESTE

ESP=ESPH

EHT=EHTH

EHPeEHPH

GG 10 .

CCONG TNUE

I C(LMEST) LRFS(MP)w FALSE.

LhrSTe  ThUE,

CCYPUTE CHEEFING WAVE TERYS [F ALR .GT. Pl
CUNPUTE 1UCIDENT kaY TAISENT PCIMT
XImAwCOSEV]I(]))

YimpeSINUVIC]))

XumX1=XS01)

YouY]=X4€2)

SeSONT(XD#XDe YY)

21 wSeCThJ/STH XS 2)

IS TAWENT PCLLT O CYLIMDEH?

FFCZ21 01 ZCH 1) SXT#CTCL Y)Y LOR,
QL1 A TL20(2)eY1eCTC(2)) GO TO

ZLuwZl=ku(3)

PHIR=UTAL2 (YD, AN)

THlusyTRL2 (E,20)

SeSHRTISNS+ZMwZN)

HIRERL Y (Wt

Bl 2reylss

Gl y=ZL/S

{0kS THCTOERT oAY KIS PLATE REFORE CYLINDER?
CALL PLALNTOAS DT BEIT A LHITD

TrLHIT ANG. LT LTS GO T )

CALCULATE INCINENT FLELD BATTERN FACTOR
CALL SUURCECEr UG, FIXN,EIY, EI2, THIR,PHIR,VIS)
e tLOGIIG) dGITE (O, %) K EG

Pl Ul CREERING aAvE CUOUTATIC®S

10 B0 VIaET 2t 2t =Re(104j, AeEPLL])

et b6, 2) vDRUTALEeCP Iy «AetPiy))
Mievis=v[tl)

I (L Gl PEY VOTevIP= P

TECVIIL, LT ~P 1) ViNeav(iPel 0]

el b2y G0 TC 20

Jetvrit L3 v, ) GO $h

Visv(tl)

Ving eyt l)
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g

lie GO opeo e

1504 ow CONTLE

I [FOVIR o Clerve ) GO 400

fS6 VisVDbeVI(])

1a7 vuUsv]i(l) -
120 <5 CON1 LIUE L
L3y CALL FrAHGISKEIG ,AS, VL V) -

lag. XHE( 1) = 2C0S(vD)

1414 XrF(2)=peSIlI(/D) -
142 1L=3 a

145 CALL DOQOL32¢(VL, YU ,FCT,SS) 3
144 S5=53/SAS

1ab RhP(3)mz2[+SS*CTHJ

140 DO 20 N=1,3 -
147 «¢ XRSIN)=XRF (1) z

lab C!!1t  DOES CHEEPING wAVE REFLECTION Fhior PLATE &
loay LEIY &P OCCURZ

Ive CALL PLAINT(ARS, M JDFJIT, =P, LHIT) -
| U8 IS¢ MOT LHITY GO TO ‘g
152 L1t 15 KAY SHADORED ANYWPERE? 2

153 CALL PLAINTUXHS,D,OHI, P LT bt
154 I=(LHLIT) GO TO

23] CALL CYLINT(YKS, D, OHSH T LHIT, JTRI'E,) -
ib¢ IFCLUIT) G0 16 %

157 CALL PLAINTONWEDJDHT IR, LIIT) .
158 IFCLHITJAND (OHTLT.DHIT)) GO 1C

vy CALL RABCV(KGE AT, VI(ID)

lew CALL HALCVIHOE 14T, V) E
el CLMm(PIap] aRU] whSF )WL 1, /5,) .

1179 CF=a=CrMaCPlEaCEXP{ ~CIsTO [ @ (Se5S81 )/P] /5ORT(2,25)

16, LYY COsPUTE PHASE TeEnlM

lod CALL 1'AGE(XES,XKHE AR HD)

loy CreCraCEXPICIeTP IR RS )RD 1IXR5(2)o D216 X{S(II*N(3)))

ioo TTUM=SKLIG/CLY

167 AXaPleSe TTHAeTTI

lew BX==l1it2}eDf (3)

luy fiy=unc) 1engel)

Vi BZRULC2) e C D=L el ] (2)

(B ESPe(l, i) .

id EHT= A, o610 )

132 L1 CUMBUIE DAKD ARD SOFT CHEZPINUG BaVE CudPONENTS

174 EHPeL XsUNCT JoE] TeiNE2)

ty ESTubl xabhXob [YeQYeE[TeDZ %
ii0 frtl EQ 1) Ehpaafup ' :

33 IFCL . EQ.2) RETe=EST -

198 CONRT IRUE i
iy L1t CUNPUTE Tk CYLINDER SCATTERED FIEW : i

15, AASaSORT TP X)) e
ibt MXuCR ¢, )2/ )

lbe CALL FHEBLSELLC, $3%,03X%)

1l FIaCEL L L, =000, §$5=41.5)

los rledXSer [l EXD(C o, Sel] X))

1ss Elamk] 2R fusStNT 2.

Tt LQTPafORTi 2. o)

(E CrHeUsnip{ oSN ReCEYM AN

XY CrSeCret o SCTPePEMIISERIGN)

e - SeFHeCr e i el P S oLEP

iy, 3T Pl eR e b SeE S

1yt [ PR RS

v, % COHT TULE

vy Q103 CuTHALF TRAZING INCIIEIE S ATTERED; siELh -

P FE T B S I !
vy IS H1XE () A

Ivg 31 IREY &ipLECTICY RROT BPLATY 7D COCUEY?

Iy CALL P1aTSTE3nS L B0IT = 0,11 T) !

1y fet wWTLKITE o TC 1
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IS HAY SHALOVLED ANYLHEHE?

CALL PLAINTCAMIS, D OMT P LHLT)

IFC(LEIT) GC 10 ¢

CALL CYLINT(XKS oDy PHSR OMT LRI T, .TRUE.)
IFCLHIT) GO T0 1}

CALL SLATHTIAS DI DHT R LIITY
TFCLHITANDJ(DHT.LT. DHJITY) GO TO )
SGNe=SIGNC 1., SINCALR))

CALUULATE IMCIDENT POINT

XI=ASCOS(VIC(]))

Yi=gaSIhiv; 1))

XDsX[=-XS(1)

YD=Y=XS(2)

SeSOHT(AD* XD+ YD*YD)

2 =S*CTHI/STHISXS(3)

1S POLNT OF GRAZING INCIDENCE OFF OF FINITE CYLIMDER?
TFCZ1.CT.2CC1yoX[*CTCC ) DN,
221 LT.ZC(23e3%1+CTC(2)) GO T0 )

2Dm21-4S(3)

SmSUNT (L2420 2D)

CALL rAUCV(RCI 4T, VI(I))

Ghim{2[ whG])ea(1./3,)

CALCULATE IPCIDEMT EUIELD PATTERN FACTON

Call. SOUBCECEF JEC,ZIX,ES Y, EF2, THIR, PHIR, VXS)
CALCHLALE PFASE Tef

CALL INAGE (XKS XS, MR, 4P}
CFeCEXPICITPI ®#{ XSt 1)oN(1 )eYRS(2)eN(2 )+ XRS(3)eD(I)))
BA==UN(2)eNJ ()

BY=UNCI)#idJt3)

BZaUL(2 oD 1)~ §) w2 ) 2)

CALCULALIE HARD 510 SCFT COPPONENTS OF CYL FIGLD
EHPuc] XeUNC1 )oEL Y2UN(2)
ESTRE[XeEX+C '/ *BY*E] 2087

IFt1.EQ. 1) ELp=<ENP

IFCl.8N.2) EST=-EST
CrumGUeC D] 4enFI K, Y /SNRTI P #S)

Cr3aGIs Pl doPRUN VY, I /SNHTIPI S

CALCULAGE GRAZING [NCIDENCE SCHTTERED FIELD
DETH®(Q), SeEF oSGH-CFSeEST 1eCF

UEFtimty)  SeEGNSGH ~OFHeEND )oCF

ant e

CALCHLATE TOTAL CYLIMDER FUELDS REPLECTED ~HO PLATE
VIt el (U, 21 o2t 1)V R(MD, 3}ent )

Vit eV p D, J1e {1 )=V NP, 1 )02 D)

VT3 )IeVE (UP, 11aD{2)=VN(HD, 2)eN( 1)

CH=VEILD, 1) eCPHIGCTIF AN ID 2 10803 Jo0 TH )= 4% (10, 3D o5TMY)
Cl2m=¥R(EP 1 JoSP I eVR 1P D JaCpe)

C21avTC 1 JeCPRISCTHIS VT Z JoSP Jel TV futT ( T e STHY
C2le=VT{ 1) eSRIJeVIIZ el Bl

AleysTiel Y 1o 0EDHSCIQ

A2IFTHeC 1o DEPH w22

ClinvHNP 1 )8HT L 1) eVLIME 2 VeAF (2 )0V, J) DT )
Cl2aVRiEP 100D 1) oWNI B 2 1000( 22

C21avTE 10T ) e¥TL20mITL2 JOVTL FIODNILS)
C2eVilideliDLIYavT(2)050102)

PN ENSCCI20 (TN

DETHe A28 028 2V /A2

Rt we (A20CH 0RO 20 )03

Eftnb el

EistYofit Th

JFLLECBLGY TRl ca o) [ SKIIC X PG
FEOLARHIOS s k17388, 0) Ce%, OFS

C O EFACLLEBLG: RiTEta, ) BUY EST

IR CLOERLEG) vRIjEs, 0 FiD Fe2
{FILIBRG) sElTSio,@) FT 501
jolel
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IF¢I.LEL2) GC TD 3

CONTLHIUE

TFC.HUT.LTEST) KETORY

WHITE(O,%141)

FOKNAT(/ 7 TESTING SCLRPI. SHERGUTINEZ)
CHITE(G,#) ET ER 1P

WuITE(G,») ERT,ERP

RETURH

END




E | scton
” l PURPOSE

To calculate the far-zone fields scattered by the elliptic
cylinder's curved surface.

: PERTINENT GEOMETRY
I cAReepms_J“ 1"
- 1 WAVE RAY FLECTED RAY
‘ ) ran poinT 1 Jo— REFL ¢
:
!
. SOURCE
I LOCATION
e
: 1
!
i | , TAN POINT 2
i
i
i Figure 103--~11lustration of refiected and creeping wave
i. scattering by the elliptic cylinder.
4 2 Y
’ : :
|
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PEARE Ll T

o>

avpmn———

XRF

b
SOURCE
 LOCATION
.y
6 ;_'—-_,,f”ﬂéé;/r

4

SQURCE
: LOCATION
Figure 104--Geosetry of creeping wave scattering.
YRF =

x XRF{1) + § XR¥(2)} ¢ ¥ XRF{3)

!
oy
"

3 Xi(1) * § X}(2) ¢ 2 Xi{3)

432

res

s

| S

t

iy TR ,xm H ‘ ’_A' ™ ’3 S | ' ”ﬁ”!

[Py

v’

!; . ,mm‘g

¢

§ g

aame Semmd LSRR




P RSN Y

R

el e

& iy

st 4

Pa—

" ristrnn ¥

R )

wm——vy I—y > ey

*

©- MaSmcry

& sy

& el 8

it

&y

g e I S i O TS B el R T A IR AR R P e e R

SOURCE
LOCATION

Figure 105--Geometry of angles of cy!inder
scattering problan,

y
} 0

SOURCE
LOCATION

Figure 108--I1lustraticn of tan point
coordinate system, ‘

A - - )
N = % UN(1) + ¥ UN(2)
B = & uB(1) * 5 Us(2)
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D N S Py

METHOD

A uniform Geometrical Theory of Diffraction solution[6] is
1sed to compute the reflected and diffracted fields of a source
in the presence of the curved surface of an elliptic cylinder.
In a given observation direction the solution contains two terms.
In the 1it region the solution is composed of a reflected field
and the dominant creeping wave field, as illustrated in Figure
103. In the shadow region the solution is composed of a clockwise
and a counterclockwise creeping wave field, as illustrated in Fig-
ure 104, The reflected field and creeping wave fields are modified
versions of the usual GTD solution, that is, they are obtained
from a uniform solution that is valid at the shadaw boundaries
(tangent pcint vector regions) and that goes to the geometrical
optics solution in the deep 1it region and the usual creeping wave
solution in the deep shadow region. The solution is presented
in Reference 6 and on pages 112-113 of Reference 1. The phases
of the reflected and creeping wave (or transition) fields are re-
ferred to the reference coordinate system origin., The fields are
combined and the total field scattered by the cylinder is given by

-JkR
=5 . A €
E> = wm(ETé + EPY) =p— ,
-JkR

where the factor 9~R—- and the source weight (wm) are added else-
where in the code.
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Wa vt vy
'

FLOW DIAGRAM

SCTCYL (ET,EP,ERT,ERP)

: OUTPUT VARIABLES
€T theta component of cylinder scattered
field in RCS
EP phi component of cylinder scattered

Airgarvad

J field in RCS
i ERT theta gomponent of geometrical optics
reflected field
ERP phi component of geometrical optics
3 reflected field
%
i
é source {1luminate cylinder? No
.
Return
; Yrs
3. .
[ Specify tangent vectors ]
i l
i, —————-‘-l Loop through two tangent vectoriJ
!
1. Calculate ALR, the propagation
direction phi angle in tan point
coordinate system
'z’
Q.
Is
- ALR xn{grazing Y05 sy
; incidence)?
.. No
i
3
-y
{s
T ALR >n{creeping Yes
‘3 wave)?
s
- No
3
i
3 ]
1
-

R
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T

et .

Compute geometrical optics reflected fields

|

Compute G.0. ray path and fields
ifncident and reflected from
the cylinder

i
reflection to be

handled by other
7

No

Specify hard and soft fleld components
incident on cylinder {computed
in subroutine REFCYL)

-

le— Y €5

[—Yes

r
Compute creeping wave terms

Compute tangent point for incident

r3y knawing 2-0 tan point and theta

component of propagation direction,
THSR

Is
tangent point off
of finite cylinder?

No

Does incident
ray hit a plate before the
cylinder?

436

.

CE R 5 B I s i T
ERLANEENSOANA T RS TR RTINS N ¢ RECE R R SR AT TR TN S 3/2 1 TN L R A e

v

AL EAR 44

[ 4
.

oy

EH

L=t

%

"J'ﬁ!-a‘&*,

s
-

o)

&z"

1%

[ <

gy

e iy [ v ] !:mw;

v

By ey e

L

el MR e

v




PG I 7 L

PRUTRO

[T

EA ey

& i [ e ] F FOSNTTNE) o Rwierbal

.

.

Ernary
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Calcujate incident field
pattera factor

Perform creeping
wave computations

Does
ray hit plate after
leaving cylinder

Fe-—=-Yes

No

|

[ Compute phase term

|

Compute hard and soft creeping
wave components

— ]

e

Compute cylinder
scattered field

S

Compute grazing incidence scattered field

Does
incident ray hit a plate?

-

No

L Calculate grazing poiat J

Is
Y es point of grazin? incidence
n

off of cylinder?
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} I

Calculate incident field
pattern factor

]

[ Calculate phase term I

Compute hard and soft
components of incident
fiald

f 25y T 2 ]

Calculate total grazin
incidance scattered field

[ Calculate tota! cylinder Helds]

I Return l .

Sl N
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i. SYMBOL DICTIONARY

ALK

ALKS
ALS

AS
3 ’ BX
PY BY

BZ
- CF
H . CFH
¥ CFS
b CSAS
i D
3

v DEPH
DE1H

~. o
é

EG
EHP
. EH1
i EIX
. EIY
ElZ
: EP
g ER
ERP

ERT
ESP

Py
H ¢

EST
ET
bt Fl
GM
1

-

* Ic

> LHIT
LTRF

PHLIR

ROF
RGL

S
SINA

SKNIG
SNAS

THIk

s I e B

PHI ANGLE DEFINING RADIATION DIRECTION IN

TAN POINT CCORDINATE SYSTEM (2-D)

DIFFERENCE BETWEEN ALS AND ALR

PHI ANGLE DEFINING DIRECTION OF RAY FROM RCS

OHI SIN TO SOURCE IN TANGENT POINT COORD. SYS

ANGLE BETWEEN CREEPING WAVE PATH ON CYL AND LINE
PARALLEL TO Z AXIS

X,Y,Z COMPONENTS OF POLARIZATION UNIT VECTOR

OF SOFT COMPONENT OF FIELD INCIDENT ON CYL (PARALLEL
TO CYL SURFACE AND NORMAL TO INC RAY PROP DIR)
COMPLEX PHASE AND RAY SPREADING COEFFICIENT

HARD TRANSITION FIELD COEFFICIENT

SOFT TRANSITION FIELD COEFFICIENT

DOT PRODUCT O CYLINDER TANGENT UNIT VECTOR

AND VECTOR FROM ORIGIN TC SOURCE

PHOPAGATION DIRECTION UNIT VECTOR FOR RAY

SCATTERED FROM CYL IN (X,Y,Z) RCS COMPONENTS

PHI COMPONENT OF TRANSITION FIELD IN RCS

THETA COMPONENT OF TRANSITION FIELD IN RCS

DISTANCE FROM SOUHCE TO HIT POINT (FROM PLAINT)
X,Y,Z COMPONENTS OF UNIT VECTOR OF PROPAGATION
DIRECTION OF RAY INCIDENT ON CYLINDER

PATTERN FACTOR FOR THETA COMPONENT OF

INCIDENT FIELD IN RCS

PATIERN FACTOR FOR PHI COMPONENT GF

INCIDENT FIELD PATTERN FACTOR IN RCS

PHI COMPOMENT OF HARD COMPONENT OF

FLELD INCIDENT ON CYL OR CREEPING WAVE FIELD IN RCS
THETA COMPONENT OF HARD COMPONENT OF

FIELD INCIDENT ON CYL OR CREEPING WAVE FIELD IN RCS

X,Y,Z COMPONENTS OF INCIDENT FIELD PATTERN FACTOR

PHI COMPONENT OF CYLINDER E FIELD WITH

PHASE REFERRED TO RCS ORIGIN

DOT PRODUCT OF UNIT VECTOR TANGENT T

CYLINDER AND THE PROPAGATION DIR. UNIT VECTOR

PHI COMPONENT OF G.O. REFLECTED FIELD

THETA COMPONENT OF G.O, REFLECTED FIELD

PHI COMPONENT OF SOFT COMPONENT OF

FIELD INCIDENT ON CYL OR CREEPING WAVE FIELD IN RCS
THETA COMPONENT OF SOFT COMPONENT OF

FLELD INCIDENT ON CYL OR CREEPING WAVE FIELD IN RCS
THETA COMPONENT OF CYLINDER E FIELD WITH

PHASE REFERKRED TO RCS ORIGIN

PARAMETER USED IN TRANSITION FUNCTION

VARIABLE USED IN TRANSITION FUNCTION

VARIABLE USED TO STEP THROUGH TANGENT POINTS

INDEX VARIABLE

SET TRUE IF RAY HITS A PLATE (FROM PLAINT)
(RETURNED FROM RPLRCL} SET TRUE IF G.O.

CYLINDER REFLECTED FIELD DOES NOT EXIST

PHI COMPONENT OF PROPAGATION DIRECTION OF

RAY INCID.NT ON CYLINDER

RADIUS OF CURY OF CYL AT POINT XRF IN X-Y PLANE
RADIUS QF CURV OF CYL AT INC RAY POINT ON CYL IN XY

PLANE

LENGTH OF YECTOR FROM SOURCE TO TAN POINT {2 OR 3-D}
DOT PRODUCT OF CYL UNIT NORMAL AND CYL SCATIERED
RAY PROPAGATION DIRECTION UNIT VECTOR

PARAMETER USED IN TRANSITION FUNCTIOM

DOT PRODUCT OF CYL UNIT NORMAL AND VECTOR FROM
ORIGIN TO SOURCE

THETA COMPONENT OF PROPAGATION DIRECTION

O RAY INCIDENT CN CYLINDER
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TTRM  PARAMETER USED IN TRANSITION FUNCTION
X1 X AND Y COMPONENTS OF UNIT VECTOR OF RAY FROM SOURCE
TY} TANGENT TO TAN POINT | OF ELL CYL (2-D)
X2 X AND Y COMPONENTS OF UNIT VECTOR OF RAY FORM SOURCE
TY2 TANGENT TO TAN POINT 2 OF ELL CYL (2-D)
us XY COMPONENTS OF UNIT VECTOR TAN TO CYL AT
TAN POINT (2-D)
UN X, Y COMPONENTS OF UNIT NORMAL TO CYL AT TAN POINT (2-D)
Vb COMPUTATIONAL VARIABLE
vbp COMPUTATIONAL VARIABLE
vl ELL. ANGLE USED TO DEFINE TANGENT POINTS (2-D)
vL ELL ANGLE DEFINING POINT WHERE.CREEPING WAVE
MEETS CYLINDER
vy ELL ANGLE DEFINING POINT WHERE CREEPING WAVE
LEAVES CYLINDER
XD X,Y,Z COMPONENTS OF DIRECTION OF RAY FROM
YD SOURCE TO CYLINDER TANGENT POINT ¢ INCIDENT
YAy RAY FOR CREEPING AND GRAZING INC. CASES)

X1
YI} X,Y,Z COMPONENTS OF POINT WHERE INCIDENT CREEPING
MAVE (OR GRAZING WAVE) MEETS CYLINDER
XPP XsYyZ COMPONENTS OF POINT WHERE RAY LEAVES CYLINDER
XR¥ é;{iﬁnggMPONENTS OF POINT WHERE CREEPING WAVE LEAVES
XX PARAMETER USED IM TRANSITION FUMCTION
XXS PARAMETER USED IN TRANSITIOM FUNCTIOM
XXX PARAMETER USED IN TRANSITION FUNCTIONM

¢ et proney sarsca AR SRk AN o o — _—
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CODE LISTING

1 ¢
; j ' SUBROUTINE SCTCYL(ET,EP,FRT,ERP)
- 3¢
4 CIHL GTD SCATTEED FIELD OF AN ELLIPTIC CYLINDER
g o COMPLEX CJ,CPI4,CF ,CFH CFS F1,PFUN OFIIN
: 7 COMPLEX EIX,E1Y,E1Z,EIPH (EITH, ET (EP, ERT, ERP
“ 5 COMPLEX REF , ESTH (ESPH, EHTH, EHPH, DETH ,DEPH, EF ,EG
y COMPLEX EST,ESP, EHT, EHP
- 10 DIMENSION V1(2):ER(2),UN(2),UB(2),DI(3), XRF(3)
i il LOGICAL LHIT,LTRF,LDEBUG,LTEST,LREC, LRFCT
i 12 COMMOH/GEOMEL/A, B, 2C(2),, SNC(2) ,CNC(2),CTC(2)
13 COMMON/SORINF/XS(3),VXS(3,3)
ia COMMON/PIS/P1,TPI,DPR, RPD
H 15 COMMON/GTD/AS , 1D ,SAS 4SASP, CAS
! 16 COMUON/DIR/D(3), THSR, PHSR, SPS,CPS, STHS ,CTHS
. 17 COMMON/COMP/CJ P14
5 COMMON/ENDSCL/DTS, VTS(2) ,BTS(4)
- Iy COMNON/FUDG/REF , ESTH, ss:m.em EHPH, XR(3) ,RG,RHO1,DL ,LTRF
] 20 COMMON/1EST/LDEBUG, LTE
i 2) COMHON/CLRFC/LRFC
2 EXTERNAL FCT
23 ET’(O..“Q)
kl 24 EPs=(d. ,0.)
] 25 ERT=(0. ,0. )
- 20 ERP=(0. ,0.,)
2% Ct!t CAN SOURCE ILLUMINATE CYLIMDER SURFACE?
26 1F(DTS,LT.=1.5) GO TO 909
1 2y C1it SPECIFY TANGENT VECTORS
i 38 TXI=BTS( 1)
31 TY 1=BTS(2)
32 TX2#BTS(3)
1 33 TY2=BTS(4)
3 34 ER(1)uTX12CPS+TY 1#SPS
1) ER(2)=TX2#CPS+TY2*SPS
36 Ct1t LOOP THU TANGENT VECTORS
K1 -
3 8 LRFCTe, FALSE.
k! 3y VI )=YTS(T)
- 40 VI(2)uVTS(2)
¥ 1 (LDEBUG) WRITE(0,90@)
- 42 4@ FORMAT(/,” DEBUGGING SCTCYL SUBROUTINE®)
i 433 CONTINUE
: 4 CALL NANDB(UN,UBNICI))
P SINA=UN( 1 ) #CPSeUN( 2) #SPS
6 C!!! CALCULATE ALR, THE PROPAGATICN DIRECTION PHI ANGLE
i 47 C111 IN TAN POINT COORDINATE SYSTEM.
\ 48 ALR=BTAN2CSINA,=ER(1 )

Ay IPCALRJLT €. ) ALRsALReTP{
50 C11 IF GRAZING INCIDENCE IS PRESENT, SKIP TO APPROPRIATE SECTION

51 1FCABS{P1=ALR) .LT.0.7085) GO TO 5

! %2 Ct1t IF ALH IS G.T. THAN Pl, COMPUTE CREEPING WAVE TERMS

s 53 IF(ALR.GT.PI) GO TC 10
94 CI1! IF ALK .LE. Pl, COMPUTE G.O. RAY PATH AND FIELD
65 C111 COKPONENTS

o bo CALL KEFCYL(ENT, ERP)

% 5% IF(LTRE) GO TO |

o> 58 SNASRUN{ 1) XS 1) SUNE2)eXS(2)
1" [Cw2wl=}

, o0 CSASSBTS(ICI#XS( 1) eBTS(ICH1) eX5(2)

%’ ol ALS=BTAN2 (SN )S ,=CSAS )

§ 02 ALHS®ALK=ALS

- 03 CI11 IS REFLECTION TO BE MANDLED WITH OTMER TAN VECTOR?
04 1F CABSCALRS) LT, 0, wes.mo 1.E6.2) GO TO |
0% 1F (ALNS.LE .~0. (385) GO TO

{ 00 Cls(PlwkG)eatt /73,?
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RHS=HHO1#DL/ (DL-RHO1 )

SKW]Gu=pBS (2 ,#TP [#RKS/GH/GM)
CFa=SORT(~2, /P 1/SKHIG) *CP] £*REF
CEmCFACEXP (=CJ#SKWIGASKT IG*SKNIG/12.)
TTRM=SKK1G/GV

XX [#(LL+RHE) * TTRM®ITRN

SPECIFY HARD AND SOFT COMPONENTS OF FIELD
INCIUENT ON CYLINDER (FOM REFCYL)
EST=ESTH

ESP=ESPH

ENT=EHTH

EHP=ENPH

G0 TO 3¢

CONT IMUE

T1F(LRFCT) LRFCw=.FALSE.

LRFCTs, TRUE,

CGMPUTE CREEPING WAVE TERMS IF ALK .GT. Pl
COMPUTE INCIDENT RAY TANGENT POINT
XIsA2COS(VI(]))

YIsBASIN(VICD) )

AD=XI=XS(1)

YDaYI-XE(2)

S=SQRT ( XD* XD+YD*YD)
Z1aS#CTHS/STHS #XS( 3)

1S TANGENT PGINT OFF OF FINITE CYLINDER?
1F(Z1.G7.2C( 1)+XI#CTCC 1) . OR.
221.LT.ZC(2)+XI+CTT(2)) 50 TO
ZD=Z[-X€(3)

PH1R=BTAN2 (YD, XD)

THIR=BTAN2(S,2N)

S=SORT( S#S5eZ0w2D)

DI (1)eX[/S

DI(2)=Yi/S

DI (3 Y42E/S

UOES INCIDENT WAY HIT PLATE BEFCHE CYLINDER?
CALL PLAINT(XS,DI,DHIT,d,LHIT)

IF (LHIT. AND. (LHIT.LT.S)) GO 10 1
CALCULAIE INCIDEMT FIELD PATTERK FACTOR
CALL SOUKCE(EF EG,ELX,ElY,E1Z, THIR,PHIR,VXS)
Ir(LDEBUG) WHITE(6.%) EF,EG

PERFORN CHEEPING HAVE COMPUTATIONS
IFC1.EQ. 1) VDBTAN2(~U*CPS,A#SPS)
1r(1.EQ.2) VDwDTAN2(EACPS, -A®SPS)
VOPavD=VI (1)

IF(VDP.GT.PI) VNP=VDP~TPL
LF(VDP.LT.=PI) VDP=VDPsTB]

IFt1,EQ.2) GO TO 20

1F(VDP.LT.0.) GO TO 1

VLeV (i)

VURVDPVIC])

GO TO 25

CONT [NUE

[FCVUP.CT.0.) GO TO 1

VieVDPevitl)

vuevI¢l)

CUNT INUE

CALL FLALGISKRLG,AS VL VID

AKREC 1 ) ap el Q%L Y)

XRF(2)wESINCVI))

10e3 A

CALL BOLI2 (YL, VUFCT,S5)

P IVIY:

XKF ( 3) 0zl +S5eCTHS

DGES IkAY M1 PLATE AFTER LEAVING CYLIMDER?
CALL OLAHTLAME O DHIT ¢ L¥IT)

1ECLHIT) GO 19 1
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[ £ -0

- 133 CALL KADCV(RUIRT,VI(I D)
134 CALL RALCV (RCF,AT,VD)
T 155 Gl (P IwCT2RGI*AGF Joe( 1, /0.)
136 CER=GRMRCP [4#CEXP(=CINTPI# (S455))/PL/SART(2 . #5)
o 13% €YY COMPUTE PHASE TERM
138 CE=CFACEXP(CJ*TPI® CXIF (1 )#N( 1) #XAF (2)#D(2) ¢XRF(3)#N(3) ))
. 139 TTHHSKR1G/GHN
; 140 AX=PlwSey THARTTAY
: 141 BX==UN(2)%D[¢3)
- 142 BYsUN( 1)#D](2)
143 BZ=URC2)8DT( 1) =UKC 1I*DI(2)
- 144 ESP=(0, ,0.)
165 EHT=(d. ,8.)
.“ leo Cit! COMPUTE KARD AND SOFT CREEPING WAVE COMPONENTS
147 EMP=E] XeUN (1 )+ET Y#11H (2)
148 ESTsEIXeBX+EI Y*BY+EL Ze0Z
H 14y IF(1.£Q.1) EbPm-EHP
150 1+ (1.E0.2) EST=—FST
. 151 CONTINUE
152 &1t COMPUTE 1HE TRAMSITION FIELD
. 153 AIXSESURTLTPI#XX)
i 154 AR X=SONT(2,#3X/P1)
b 15% CALL ERNELS(OCC, SSS, XXX}
1% EI=CHPLA(Y 5=CLC, S55-C.5)
5% FloXXS#r1«CEXP(CJ* (. SePI #XX))
i 158 FIm=F[/SKMIG/SQRT(2.)
1 15y SOTPeSONTE 2, %P1 )
- oy CRHsCR®(F1+SOTPRQFUN(SKIIIG))
Y CESSCE®(F] +SOTPePFUNISKIIG))
. o2 DEPHRLFKP EHP#CFS#ESP
i 163 DETH®CFRwEHT ¢CFSe£ 5T
Q. 104 GO TO o
165 4 CONTINUE
160 Ci!t  COMPUTE GWAZING INCIDENCE THMNSITION FIELD
3 07 L1l DOES wAY HIT PLATE?
i 108 CALL PLAINTCXS,D,DBIT,8,LKIT)
i loy IECLHITE GO 10 3
179 SGN=-SICHE . SINCALRY)
- 171 €18y CALCULAYE INCIDENT POINT
z 1712 Xi=A®COSIVIC])) :
i s YlwBeS{NEVI( L)) :
h Y XUsXl-XSt}) ;
17y YOuY[=X5¢2) B
" 118 SeSONT LADR XD+ Yo YD)
f : 15 21wSeCThS/STESXS(3)
- 1768 C18 S POINY OF GAAZING {NCIDEMCE OFF OF #IMITE CYLIMDER? .
17y [F(21.07.2C0 1) X [¥CTCU ) .GR.
T Q21T ZC(2103CTCIL2) SO 1O ) i
% 181 b1 AL TIR Y
3 82 SeSAKT (LS eZeZD)
- o CALL RALGVIRGE RTVLELD %
164 Ginl D} okl )eegi,/3.) 3
- by ©1 CALDULAYE IRCIDUNMY FIELD PRITERN FACTUM -k
i 180 CALL SOLRCE{ER.EG,E1N,ELY, K12, THSQ PSR, VXS) ’
LA 187 Cl1! CALCULATE PHASE TEUM &
e CERCEXMCISTPL #1XS{1I6DE 119X S12)8DM2 20X (I 100K 3))) &
1y OXw=HI) Dt 1)
§ 10 BYsylit 116D })
4 vl BZwUNL2 10001 IR0 20D 2} 5
- iv2 C1IL CALCULATE MARD A% SOFT COMPONERTS OF INCIDEMT FISLD 4
T ENPeE] Xelmit 1 Jog] Youti2) 8
1va ESTeE] XeFXoC 1 YoAVeE] 2eR2 ¥
T ivs TFLL.EQL 1} Ei PuegliD
E lve 1E(1,80,23 £5Twe25T _
s CRiGRACH! CoTRUN (R, ) FERRTIPS o8
tvs CFSRGIACPT oIS URIN, 1/SWTID 05)

oy

pum— e

L TR 8 s e e S




Isy C11Y
260

p{1]]

282 ©
2vs (1Y
204

LY

20¢

207

2vb

20y

210
PRI
212

213 sy
214

215
210 S
211

2t
2y
20

CALCULATE TOTAL GPAZING INCIDENLCE FIELD
CETH®{ 0, 95%EF e SUN=CF S*EST )oCF
LEPH®( 3, S#EGASGN~-CFH*EHP 1#CF
CONTINUE
CALCULATE TOTAL CYLINDER FIELDS
EPsEP+DLEPH
ET=ETeDETH

I (LDEBUG) BRITE(G,#) I,SKRIG,2X,FI.Cr
IF(LDEBUGY RHITE(6,*) CFH,CFS
1F(LDEBUC. WRITE(6,%) EMT,EST
IF(LDEBUG) GNRITE(G6,») EMD,ESP
iF:LDEBUG) WRITE(6,») DETH,DEPH

nule])

IFt].LE.2) GO TO 3
CONT INUE

IF(.NOT.LTEST) RETURN
WRITE(6,¥10)
FORNAT(/,” TESTING SCTCYL SUBRCUTINE’)
WHITE(O,#») ET,2P

RHITE(G,*) ERT.ERP

RETURN

ERD
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PURPOSE

- To compute the source field pattern factor for radiation in a given
direction from the source.

PERTINENT GEOMETRY

<1
. : / . S~ DIPOLE SOURCE

. Xp ) .
Figure 107--11lustration of one dimensicnal source (dipole)

Note - one dinensiodal source always along zp axis
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Zp

Figure 108--I1lustration of two dimensional (aperture) source.

Note - two dimensional source always in xp-zp plane with current

in the Eb direction.
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METHOD
The source distribution is given as follows

I(z ) I 14 N H
line source: PY=s ¢ ™ cos x20y < Z,.<
K(z,) K W podp 77
p m
Jz_,x ) J
p**p m z . .
aperture source: . cos —£ y ,o,_“;! @ ﬂg}!
M(z).x ) M, P
PP
-H H
223,27

where x , 2., are unit vectors of the source coordinate systems

p* Ip* %p

ip = X VAX(1,1) + y VAX(1,2) + 2z VAX(1,3)
;p = % VAX(2,1) + y VAX(2,2) = 2 VAX(2,3)

ED = % VAX(3,1) + y VAX(3,2) + 2 VAX(3,3) .

The far-zone electric field is given by

E(6.06) = EF (0 )F.(6 .0) Eons
( D.OD 0z ep X ep"p S

where for an electric source,
BD ‘sn !.H. Tine sourre
0 59 *}5 Jaﬂ m. aperture source
and for a eugneti}c source,
{-Sp;i_x.n, Vige source
£

0 - g
a J ~ . .
"p - N-H HRM | aperture wce

447




and where

sind_ cos(mH cosé )

(1-4H2 coszep)

, line source

F (8,6 ) =
Xp*'p sin(n HAW sin@_ cos¢ )
P aperture source.

1 HAW sinep coscpp s

Note that all diagrams and formulae on this and the preceeding page refer
to the source coordinate system. The subroutine returns the field com-
ponents in the reference coordinate system.

The far-zone E-field radiated by the source is then given in the
reference coordinate system by

-JkR
R

i

E(r,0,6) wm(FARFe+FARG$) e

or

e‘JkR

Nm(EIX x + EIY y + EIZ 2) R

]

E(x,y,2)

-JkR
Note that the factor & and the source weights (Hm=I K ,d, orM)
are not included in subfoutine SOURCE, but are added™elTewfer® in th®

code, Note also that the interpolation fields are not fully imple-
mented in this version of the code.
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FLOW DIAGRAM

SQURCE (FARF,FARG,EIX,E1Y,EIZ,THSR,PHSR,VAX)

INPUT VARIABLES
THSR ghe;é component cf ray propagation direction
n RCS

PHSR ?hiﬁgomponent of ray propagation direction
a RCS

VAX  x,y,z cowponents defining the source coordin-
ate system axes directions in RCS components

QUTPUT VARIABLES
FARF theta componant of radiated field pattera
factor in RCS
FARG phi component of radiated field pattern
factor in RCS

£1X
EIY X+¥,2, components of radiated
334 field pattern factor in RCS

I

Take dot products of the radiation direction
in RCS and source coordinate system axes unit
vectors to compute radiation direction in
source coordinate system

Caiculate 8 , the theta polarization unit
vectorfof the ray in the source
coordinate system

——

Transform 6 to 9 and
components in 8he reference
coordfnate system
1

I Ty
If fields are to be calculated If fields are to be computed

from source turrent distribution: from £ and H plane data taken
externally:

Compute theta and phi compo-
ponents of pattern factor
using cosine-tapered line
source {or aperture source
with cosine taper along the
z axis and uniform distri-
bBtion along the X axis)

L

Calculate theta and phi com-
ponents of the pattarn factor
by interpolating £ and H plane
data to the given radiation
direction

Computad x,y,z components of radiated
field pattern factor in RCS




SYMBOL DICTIONARY

ANFAC  PATTERN FACTOR (FX) OF SOURCE FIELD DUE TO Xp
DIMENSION OF APERTURE

8F INTERPOLATION VARIABLE

CPHP  COSINE OF PHP

CTHP  CUSINE OF THP

EFD INTERPOLATED E FIELD

EFED E PLANE SOURCE FIELD PATTERN MEASURED VALUES

EX COMPUTATIONAL VARIABLE

EX1 PATTERN FACTOR FZ

F DOT PRODUCT OF THETA UNIT POLARIZATION VECTOR OF
SOURCE COORD SYS5 AND THETA UNIT VECTOR OF RCS

FW KRGUMENT OF PATTERN FACTOR FX

G DOT PRODUCT OF THETA UNIT POLARIZATION VECTOR OF

SOURCE COORD SYS AND PHI UNIT VECTOR OF RCS
HFD INTERPOLATED H FIELD

HEED  H PLANE SOURCE PATTERN MEASURED VALUES
IT INTERPOLATICN VARIABLE
PHP PH] COMPONENT OF RADIATION DIRECTION IN
SOURCE COORDINATE SYSTEM
PHSk  PHI COMPONENT OF RADIATION DIRECTION IN RCS
RDx DOT PRODUCT OF RADIATIOM DIRECTIUM AND XP AXIS
UNI1 VECTOR

RDY DOT PRODUCT OF RADIATION DIRECTION AND YP AXIS
URIT VECTOR

‘;ﬁg Wl iy iﬁﬁi

g
o«

SPHP  SINE OF PHP
THP THETA COMPONENT OF RADIATION DIRECTICH IN
SOURCE COORDINATE SYSTEM T
THSR  THETA COMPOLENT OF RADIATION DIRECTIQH IM RCS 5
VAX X,Y,Z COMPONENTS DEFINING AXES OF SOURCE ¥
(OR SOURCE IMAGE) COORDINATE SYSTEN
XTH XoY,Z COMPONENTS OF THE THETA POLARIZATICH .
YTH UNIT VECTOR OF THE RAY IN THE SOURCE COORDIMATE [
ZTH SYSTEM (IN kCS COMPONENTS) i.
P
¥
!
5
3

025 Gy

1’

[ SR

R

H

450




2N [ T
M .

Saeoneziiy

[ RNTIVIvN
-

PRIpv 8

Baanx

Bad it | X |
. .

fed b

o Rt § PRI
-. : .

Korsin-

=

& .*Q,m;;.*

G.h.rq

14

st uh

b

(i\w.r_f;{

CODE LISTING

SOy LN~

swr—

[ Y N Y,
—~ S CO~10 v
caooo

[ LS 3 3,V
&L

2

C

IN oY
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-
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SUBROUTINE SOURCE(FARF ,F ARG, EIX,EIY,EIZ, THSR,PHSR,VAX)
SOURCE FIELD

COMPLEX EX,EIX,EIY,EIZ,FARF,FARG

COMPLEX EFENC(1),HFED(!),EFD, HFD

DIMENSICN VAX(3,3)

LOGICAL LSOR

COMMON/FARP/IM H, HAW

COMMCN/PLIS/PT,TPI,DPR,RPD

COMMON/SQURSF/FACT OR

COMMON/FEDDAT/EFED ,HFED

CTHS=COS(THSR)

STHS=SIN(THSK)

CPHS=COS(PHSR)

SPHS=S1li{PHSR}

TAKE DOT PRODUCTS OF THE RADIATION DIRECTION UNIT
VECTOR AND SOURCE COORD SYS (PRIMED)AXES

UNIT VECTORS TO OBTAIN THP AND PHP (PXOPAGATION

ANGLES IN THE SOURCE CODRD SYSTEM)

CTHP=VAX(3, 1 )%CPHS*STHS+VAX(3,2) #SPHS*STHS+VAX(3,3)*CTHS
RDX=VAX(1,1)ACPRS*STHS+VAX (1,2 )*SPHS*STHS+VAL(1,3)*CTHS
RLUY=VAX(2, 1 ) *CPHS* STHS+V AKX {2 ,2 ) *SPHS*STHS+VAX(2,3) 4CTHS
STHP=SQRT{ RDA*RDX+RDY*RNY)

CPHP=RDA/STHP

SPHP=RDY/STHP

CALCULATE THETA POLARIZATION UMIT VECTOR FOR .1AY

IN SOUHCE CCCRD SYS AND REPRESENT WITH X,Y,Z

COMPOUENTS IN THE REFERENCE COORDIMATE SYSTEX

XTH=VAX{ 1, 1) ACPHP*CTHP+VAX(2 ,! )*SPHPACTHP-VAX(3, 1) *ETHP
YIH=VAX(1,2)*CPHPXCTHP+VAX(2 ,2 ) *SPHP*CTHP~VAX(3,2)*STHEP
ZTH=VAX (1, 3) *CPHP*CTHP+VAX (2,3 )* EPHPACTHP~VAX( 3, 3) *3THP
TRANSFOKM THETA POLARIZATIOM UNIT VECTOR TO

RCS COMPOMENTS

FeXTH*CTHS*CPHS+YTH*CTHS*SPH S=ZTHXSTHS
G==XTHX*EPHS+YTH*CPHS

1E(IM.EQ,3) GO TO 1@

CALCULATE FIELDS USINMG COSIME TAPERED LINE SOURCE

(OR APERTURE SOURCE WITH COSINE ‘TAPER IN ZP DIRECTION
AND UNIFORM DISTRIBUTIOM IM THE XP DIRECTION)

EX1=STHP

ACTHP=ABS(CTHP)

IF(ABS(ACTHP=.5/H).LT.1,E~B) GO TD 5

EX 122, *H*STHP*COS(PI*H*CTHP) /(| o =4 *Hx H*CTHP*CTHP)

GO TO 6 .

EX1=,25%PI *SORT( 4, ¥H*H=1,)

CONTINUE

ANFAC=1.0

IF(HAM.LT.0, 1) GO TO 7

FH=P ] *HARX STHP*CPHP

[F(ABS(FN) (LT, 1.E=05) FH=1,E-25

AWFAC=HAW*SIN(F¥)/FW

EX1=EX1*AWFAC

EX=CMPLX(Q.,EX1*FACTOR)

FARF=F*EX*00,

FARG=G*EX*60) .

USE DUALITY FOR HAGMETIC CURRENT SOURCE
[FC(IMEC 1 IFARG==F*EX/TP[

IFC(IM.EC. 1 YFARF=G*EX/TP]

GO TO 2¢

CONTINUE

CALCULATE FIELDS 8Y INTERPOLATION E AND H-PLANE DATA
(TAKEN EXTERNAILY) TO THE GIVEN RADIATION DIRECTION
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ob CTHF=SPHP* STHP

60 B aC PHP*CPHP*STHP*STHP+CTHP*CTHP

67 STHF=SQRT(BF)

08 THF=DPRABTAM2( STHF ,CTHF?

oY ITF=THF

1w IT=1TF+1

71 EFD=EFED(IT)+(EFEDCIT+ 1) =EFEDCIT ) *{T}F=]TF)
2 HFD=HFED (I T)+(HFEDCIT+1 ) =HFEDCIT) ) % ( THF=-ITF)
73 IFCABS(EF) LT.1.E-3) GO TO 15

14 EX=EFD*CPHP*CPHP *STHP*STHP+HFD*CTHPACTHP

- EX=EX/BF

70 GO TO lo

115 EX=EFD

78 1o CONTINUE

19 FARG==F+*EX

80 FARFaG*EX

81 20 CONTINUE
82 Ct1! COMPUTE X,Y,Z COMPONENTS OF SOURCE PATTERN FACTOR

83 EI X=F ARF*CTHS*CPHS~F ARG*SPHS
84 E1 Y=FARF*CTH 5% SPHS+F ARG*CPHS
85 EIZ»-FARF*STHS
86 RETURN
87 END
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SOURCP
PURPOSE ]
. i
To compute the normal derivative, g%— » of the incident field pat-

tern factor for source ray incident on a given edge (to be used in slope
diffraction computation).

PERTINENT GEOMETRY

ESKaniasy
-

whvead

[ 2
-

]
§ A
d ‘30
. DIFFRACTING
i
i
i
!
- Xp
3
§' Figure 109--Geometry of source field incident on plate edge.
METHOD
g’ The slope field is given as follows:
- 3 pi_ 1 3 i
T an E - s' sinB a¢o E
d- where
- '
fi T sinep cos{;ﬂcosep) sin{n HAN sine"p cos¢p) e ?ks
<o y
0 (1-4H2 cos ep)} T HAW siﬁéb cos¢pj s
w- \ v - v -
i Fz(ep) F(8500,)
;1 453
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For electric source

~ Jdn
_ (ep - ImH , line source

Eo'-'

Lg dn j HAW H , aperture source
P M

f#_F g ks’ £ 6
E' = E, Fz(ep)FX(ep,¢p) S— By

Sfi—a(gepg_p)‘ —_a_E_Qh_,_E _a-'ég
g adg -3¢0 P bp 3¢

[-+4
o

sind_ cos(mH cosep)

(1 - aH°

F.(8) =
z P coszep)

oF

o

2 . 2
+ [-8H" cosp sin"ey cos(nH cosby) 1}
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Yol {{1-8H%cos Gp)(cosepcos(uﬂ cosep) + sin"g sin(nH cosep)]
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(1 - 44°cos
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[REVOTY Ftitiancy
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"

Visigech

<
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 Zade

sin(m HAW sinepcos¢p)
x -~ AAW sfnﬁgcos¢p

-n

oF

x - -
55; coteplcos(n HAW sinepcos¢p)
oF, sin{n HAW sinepcos¢
9. - My | T HAW sin6_cosé,

P provp
30 e s

¢° = -s1n80p¢°-ep
ad sinB. -~
o IR A
%, s, 4%
a¢° = :inBop o'ep VI - co ep ¢° ¢p ¢p
a$ SINB. A~ &
P _?__QP .
~ A v/i + P
op = S1nep cosep ep
§p=§ XTH +y YTH + 2 ITH
Sp =X XPH +y YPH + 2 ZPH
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combining,

1]
a"‘_m m ’ . [ -~ (an an A A
T 1Jm HAHJ % ° Fszep‘ﬁ aep Fx * Fz 20 6pap -
1 an A A A A e-ij'
TR nep Fz Wb 4’p9p coteprF zd’pd’p .._Z_S. .

The slope fields for a magnetic source are derived in a similar
manner yielding

ati ;.i (Km ] ~ [ -~ A an an A A
T 1MMHAHI | FxFz %pVT - ﬁ; Fe + Fy 'ﬁ)ep% -

1 an A A - A e",jks.
sinap Fz a¢p ¢p¢p * Coprsz“’pep] S.Z .
3!

The normal derivative of the ingident field, = is returned in com-

ponents perpendicular and parallel to the edge (referred to as hard
and soft camponents):

PR .

ot _[E 2\ J(E LV

n (in— %)% *(T Bo;)ﬁop
Acoustically Acoustically

hard case soft case

~ -~ e-JkS'
TRl Nm[EIPRP cbo + EIPLP Bop] __sTr
e-jks’
Note that the factors —5 along with the source weights (Hm=lm.
s'

Km,Jm, or Nm) are added elsewhere in the code.
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FLOW DIAGRAM

SOURCP (EIPRP,EIPLP, VI, PHO,B0P,VAX)

INPUT VARIABLES
vl x,y, 4nd z components of incident ray
propagation direction fn RCS .
PHO  phi unit polarization vector (oo) of
incident ray in edge coordinate system
’ in RCS components -
80P theta unit polarization vector (0.} of
incident ray in edge coordinate system
in RCS components
VAX 3x3 array of components defining the
source coordinate system axes unit
_vectors in RCS components

QUTPUT VARIABLES
EIPRP incident slope field perpendicular edge
EIPLP incideat slope field paralle! to edge

o ksama ¥ 3
.

| Roywr o)

& B § Coninch
. .

.

)
Take dot products of VI and source coordinate system

axes to obtain the sine and cosine of °p and 0’

L P

) )
Calculate 4, and ¢, polarization unit vectors of field in
sourcl coard¥nate system (in RCS components)

PRy

l Calculate slope incident Helﬂ

e

’\

i
1
|
1
]
1
i
: ®
{

f
b
L
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SYMBOL DICTIONARY

ACTHP
AKG
Bop

CPHP
CTHP
El

E2

EA

EB
EFA
EFb
EFC
EFD
EFE
EFF
ELPLP
E1PKP
PHO

PHP
PPBO

PPHO

RDX
KDY
SN
SNARG
SPEF
SThe
THP

P80
TPH0

Vi

KPH
YPH
ZPH

TH
YiNH
i

ABSCLUTE VALUE OF CTHP

AHGUMENT OF FX

X,Y,Z COMPONENTS OF BETA POLARJZATION UNIT
VECTOR FOR KAY INCIDENT ON EDGE (EDGE=-CENTERED
COURD SYS)

COS(PHP}

COS(THP}

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE

COMPUTATIONAL VARIABLE

PARTIAL DERIVATIVE OF FZ WITH THP

FZ DIVIDED bY SIM(THP)

PAHTIAL OF FX NITH THP DIVIDED BY COT(THP)
PARTIAL OF FX NITH PHP

FX TIMES HAW

PARTIAL OF FP NIIH THP

SOFT COMPONEMT OF THE SLOPE FIELDS

HARD COMPONENT OF THE SLOPE FIELDS

X,Y,2Z COMPONENTS OF PH! POLARIZATION UNIT VECTOR
FOR RAY INCIDENT ON EDGE (EDGE-CENTERED COORD S5YS)
PHI COMPONENT OF PROPAGATION DIRECTION IN SOURCE
COOHD SYS

DOT PRODUCT OF PH! POL UNMIT VECTOR QF SOURCE CCORD
SYS AND BETA POL UNIT VECTOR OF EDGE-CENTERED
COOHD SYS .
DOT PRODUCT OF THE PHI POLARIZATION UMIT VECIOR
OF THE SOQURCE CCCHD SYS AND THE PHI UNIT
POLARIZATION VYECTOR OF THE EDGE~CENTERED
COOKDINATE SYSTEM

DOT PRODUCT OF V1 AND XP AXIS UNIT VECTOR

DOT PRODUCT OF VI AND YP AXIS UNIT VECTOR

SIGN OF COSOINP)

SINCARG)ZARG

SIN(PHP?

SINtTHP)

THETA COMPONENT (F THE PROPACATION DINECTION 1Y THE
SQUKCE COORDINATE SYSTEM

DOT PRODUCT OF THE THETA POLANIZATION UNIT VECTOR
OF THE SQURCE CLCRDIMATE SYSTEM AND THE BEYA
POLARIZATION UNIT VECTCR OF THE EDCE-CENTIRED
COOKDINATE LYSTIENM

DOT PRODUCT CF THE THETA POLARIZAT IuM UNIT
VECTOR OF THt SCUKNCE COGRDINATE SYSTFH AND THE
Pl POLARIZATION UNIT VECTOM OF THE EDGE-CERTERED
COORDINATE SYSIEN .

X,¥,2 CONPORENTS OF THE RAY PROPAGATION
QIRECTION IN RCS

X, ¥, 2 CONPONENTS OF THE BHl UNIT POLAUI2ATION
VECTOR OF THE FIELD (N THE SOURCE CUCORDINATE
SYSTIEM [N RCS CONPGHENTS

I,Y,2 COMPOMENTS OF THE THETA UNIT POLARIZATIOUN
VECTIOR OF THE FIELD IN THE SCQURCE CUGIDIHATE
SYSIEN [N RCS COMPOMENTS :
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CODE LISTING
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- v

SUBHOUTINE SCURCP(E1PRP, EIPLP, VI ,PHO,BOP,VAX )
INCILENT SLOPE FIELD '

COMPLEX EIPRP,EIPLP

UIMENSIORN VI(2),PHO¢ ) BOPCI)

DIMENSIGH YAX(3, 33

LOGICAL LsoRr

COMMONZEARPZIM JH HAN

CoRoNsPIS/PL, TP, DPR, PO

COMMI/SUUNSF/FACTOR

TAKE DOT PROBUCTS OF V1 AlD PRIMED AXES TO ORTAINM THE SINE
AND COSINE CF THP AKD PHP

HDXmVICLIRVAXC Y, 1)oVI(2)aVAX () 2 )6V (3)aVAX(L,3)
NDYaVIC1IRVAXIS, 1)eVI(222VX(2,2)0V] (I )aVAXL2, 3}
CTHPWYE (1 )OVAK(3 1 YOVI(2I0VAXIZ,2)oVI(3)9VAX(3,3)
STHP=SOHT ¢ KD X#RD Xe AL Y#RNY)

CPHPeRDA/STHP

SPHP=UDY/STHP

CALCUALTE THETA AND PHI 8OL. UMY VECTORS FOR AAY

I8 SOURCE COCHD SYS (IN RCS COYPONENTS)

XTHSVAX (), 12 oCPHPACTHPAVAK (2 | )#SPHPeCTHP=YAX (3, 1) #STHP
YiHeVAK( ), 2)2CPHPeCTHP OV AX (2,2 ) #SPHR M THR-VAX( 3,2 3o STHP
2TH=VAX () 31 oCPEPCTHPOVAK (2,3 12 SPUPAC TRP-VAX( 3, 3} 9STHP
APHE=SPHPSVARL L, 1 )4CPHPAVAX(2,1]

YPrw=~SPHESVAX( 1, 2) $CPHISVAXC 2,2}

ZPHu~-SPHPRVAL( |, J)eCPHPRYAX( 2, 3)

CALCULATE SLOPE INCIDENT FIELDS

EA=COS(P] eHeCTHP)

EQsP i #iinSTHP#STHReSIN(P] 4eCTHM)

ACTHR®ABSICTHR)

IF(ABS(ACTHR <. 92i) LT 1, E=5) GO TO S

Elm] (=3, oo {8 THPeTTHP

E2ml .=d . apiatiet 2 ,~CTHPOCTHR)

Er am{E20FAuCIHPITISERI/EL

Ergmiast!

GG IG o

SHaSUR), CTHD}

EFAsSie{ Pled eijorie ] 1218 /¥

EFGeRl s,

CONT s fiUE

CUMPUTE £QT PHRODITS OF AY POLARIZATION UMY VECTOAS
END LGHET VECTONS PARALLEL M7 2C@PEHDICULAR TI 200K
TPHOSXTHOLMIL | 1e VT B5{(L 2) «Z TN 3}

IPRUeXTHA0R 11 )oYTHO IO 2) 2T 1))

PR PHEDID 1 Yo YPHe PRI 2 oI PWeDINL })

CORUwIFIOSUR L | Yo YR BUR( 2 ) ¢2DHHLF 1 3}

EFDmir,

EFCwi,

T R

FPHARLLT. 2. 1) SOFD &

ARG S et Al e TTN S Pagp

IFIABRCERG ) LY. 1, B0 ARG w] (JE-P6

SRAA ST N MG FREG

TFCeMAW (0% EARD P3G

TFLASSICONE) LV, 108 SHide 1805

EEDw GRUY AT NI iR o L TV RG] NS 14RG )

EFERHALS TRART

Espelsr oGl LalT N oLy " STRY

fEIIMLIN I e T s

EX 10 EEOTPIDe, PUe THTS [y 0 APUDe TR OeS T VP e TRE @S E Qe N5 De PRIG
LR FeP o TFINST BN fr "0 Ty WEMINTOR ML T IPERSsTE SO0 IR
E{irme)  at2e 00 1 3, LY 3082 e aCTCR
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EIPLP==2 . #hinCIPL R, (EX2 108, #FACTOR
RETURN
o CONTINUE
EX I mErFeTPHONOPHOSEF AW ER De PPLO#PPHOSCT I *EFCREFH 4P DU TPIIQ
EX2=EFF2 TPHO#PPROSsEFDeRFNePPIi#PPBO=C I PREFEFRe0P-nTPED
E]PRP=2 ,#wH{aCUPLX (O, (EX1 ) #F RCTOR/TP
EI1PLP=2 . #HieCYPLY W, , EX2) wF ACTOR/TP!
NHETUKN
END
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! o
; PURPOSE
- To compute vectors fron a source that are tangent to the cylinder
3 in the x-y plane.
- PERTINENT GEOMETRY
,.
4
A
Ty
. TANGENT POINT #1
3 —_—
& X7
, SOURCE
LOCATION
: XS
-3y
- <% _TANGENT POINT #2
i XT3
t
T2
1]
.- Figure 110--Gecmetry of source vectors tangest ¢ Lhe
y "~ cylinder in the x-y plane.
XF, = % A cos(VI{1)) + § B sin(VI{1)}
i 'ﬁ'? = % A cos{VI{2)) + ¥ B sin(VI(2))
¢ T, = x8T(1) + §BT(2)
. 3 ?2 * % BT{3) * ¥ 8Y(4)
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METHOD

The unit tangent vectors are determined by solving a set of
equations found by setting the incident vector from the scurce eqqal
to the general unit tangent vector to the elliptic surface. Detai Is
are given in pages 90-93 in Refereuce 1.

FLOW DIAGRAM

TAKG (DT,VT.8T,X$}

INPUT VARIABLE
XS Tlocation of source in (xyz) RCS coordinates

QUTPUT VARIABLES
0T dot progyct of r _tors of tangant
rays TooT
8T x and § cgmponent: or unit vectors of
source rays tangent to cylinder in 2C8
VT elliptical angles defining tangent
points in ERCS

’—””_,,—”;f;“-_-\\-
source illuminate cylinder's Ho
curved surface?
1
Yes
Calculate targent »ayréfliptic angle and
tangent unit vector for tangent
point #2
Calculate tangent rzy ellintic angle and
tangent unit vector for Set tangent angles
tangent point #1 and tangent unit
vectors=0,
Set DT=-2 as flag

—-
Take dot product of the
tangent unit vectors (OT)

Retyrn
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LT PN 3

[ SO

SYMBOL DICTIONARY

W fansal

- AA DISTANCE FROM SOURCE TO TANGENT POINT
3 AL COMPUTATIONAL VARIABLE
B3 DISTANCE FROM ORIGIN TO TANGENT POINT
BET COMPUTATIONAL VARI ABLE
BT X AND ¥ COMPONENTS OF TANGENT UNIT VECTORS IN REF COORD SYS.
- Ccv COSINE OF TANGENT POINT ELL ANGLE
’ CVE COSINE OF VE
we DT DOT PLODUCT OF UNIT VECTORS OF THE TWO SOURCE
. RAYS TANGENT TO THE CYLINDER (2-D)
DV1i ANGLE V! IN DEGREES
Dv2 ANGLE V2 IN DEGREES
§ El - ERROR DETECTION VARIABLE
: E2 ERRCR DETECTION VARIABLE
- RHOE  DISTANCE FROM Z AXIS TO POINT WHERE RAY FROM ORIGIN TO
SOURCE INTERSECTS THE CYLINDER
RHOS  DISTANCE FROM SOURCE TC Z AXIS
SINE OF TANGENT POINT ELL ANGLE
SVE SINE OF VE
SX X COMPONENT OF RAY FROM TANGENT POINT TO SOURCE
SY Y COMPONENT OF .RAY; FROM TANGENT POINT TO SOURCE
X X COMPONENT OF TANGENT RAY UNIT VECTOR (TAN POINT #2
TIlY Y COMPONENT OF TANGENT RAY UNIT VECTOR (TAN POINT #2
T2X X COMPONENT OF TANGENT RAY UNIT VECTOR (TAN POINT #{
T2Y Y COMPONENT OF TANGENT RAY UMIT VECTOR (TAN POINT #!

YY)

Kot
[2]
<l

L YN
o)
>

)
)
)
)

i Vi ELL ANGLE DEFINING TANGENT POINT #2
H V2 cLL ANGLE DEFINING TANGENT POINT #1i
VE ELL ANGLE OF RAY FROM ORIGIN TO SOURCE
VT ELL ANGLE DEFINING TANGENT POINT LOCATION IN ERCS
? XS SOURCE LOCATION
g XT X-COMPONENT OF TANGENT POINT LOCATION
- YT Y~COMPONENT OF TANGENT POINT LOCATIOHN

XY COMPUTATIONAL VARI ABLE

P

A, sl

oo 0. &
3

4.
"

.

b aon
4

Tatae dd
. .
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CODE LISTING

- — —
SUBHOUTINE TANG(DT,V1,BT,XS)
(SR
Ctit  COMPUTLES TANGENT VECTORS TO ELLIPTIC CYLINDER FROM SOURCE
cei

DIMENSICN VT(2),BT{4),X5(3)
CUMMON/PIS/PL,TPI ,DPR,RPD
COMMOM/GEOMEL/ A, B,2C(2),SNC(2) ,CNC(2),CTC(2)
RHOS=SORT (XS (1)*XS{1)+XS(2)*X5(2))

10 CI!! CAN SOURCE ILLUMIMATE CYLINDER SURFACE?

i I+ (R40S.GT.A.AND.RHOS.GT.B) GO TO 2@

T ~oTerLN ~

12 IF (RHOS.LT.A.AND.RHOS.LT.B) GO TO 1@
15 VE=aBTAN2 (A*XS5(2) ,B¥XS( 1))

14 CVE=COS(VE}

15 SVE=SIN(VE)

16 RHOE=SQKT ( A% AKCVE*CVE+BxBx SVE*SVE)

17 Ct!t IF SOURCE CANNOT ILLUMINATE CYLIMDER, SET ANGLES
18 C¥tt  TO ZERO, SET FLAG, AND RETURN

1y I¥ (RHOS.GE.RHOE) GO TO 20

v 1Y CONTINUE

21 DT=-2,

22 VT (1)=0.

23 VT(2)=0.,

24 BT(l)=@.

25 BT (2)=9,

20 BT (3)m=pr,

217 BT(41=@.

2b RETURN

2y 29 CONTINUE i

30 XY=BAB*XE( 1) RXS( 1) +ARAXXS(2)*XS5(2)

31 AL=A*AXLRB/XY

3 BET=SQRT (XY=~ % A%B*xR} /XY

33 €Y CALCULATE TAN AHMGLE AND TAM UNIT VECTOR FOR TAN POINT #2
34 XT=AL®XS( 1)+ 2%A*BET*XS(2)

3% YT=AL*XS(2 )-B*B*BET*XS(1)

36 Y= N2 CARYT  BRXT)

37 TNV

38 CV=(usS(vl)

3¢ SX=X5( 1)=A%CV

49 SY=XS(2)=~B%*SV

4 AAESORT{SX*5X+5Y*SY)

42 BB=SORT( A% A* SY*SV+BXB*CVXCY)

45 Ei=SQRT((SX/ AA+AXSV/BBR )% %2+ (SY/AA~B*CV/EB) *%2)
a4 T1X=A*SV,/BR

45 T!1Y=-BxCV/BB

46 Cltl CALCULATE TAN ANGLE ANMD TAN UNIT VECTOR FOR TAN POINT #1
47 XToALRXS{] )=F%ARBET*XS(2)

48 YTaALAXS (2 )+E*xB*BET*XS( 1)

4y V2=BYAN2 (A*YT, B*XT)

917} SV=S[IN(V2)

9l CV=C0S(Vv2)

52 SX=XS(1)=A*CV

53 SY=XS5(2)~B*SV

54 AA=SORT (SX*SX+SY*SY)

Hh BB=SORT( A% A% SV XS V+B#B*CV*CV)

Y6 E2=SORT((SX/ AA-AXSV/ BRI %24 (SY/AA+B*CY/BE) %% 2)
57 T2 X==A%5V/BB

58 T2Y=B*CV/08B

5y ¢ttt TAKE DOT PRODUCT OF TANGENT UNIT VECTORS
ol DT=TIX®*T2X+T1Y*T2Y

ol DV 1=avi*[PR

62 DVv2=V2*DPR

03 VT (1)y=v2

64 VT(2)=VI

b BT(1)=T2X

60 BT(23=T2Y
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67
08
oY
T4
11
72
13

BT(3)=T1X

BT(4)=T1Y

IF(E1.GT.1 .E~5)NRITE(6,1)DV! El

IF(E2.GT.! E-B5)KRRITE(6, 1 )DV2 ,E2

FORKAT(1H ,7ERROR IN TANGENT SECTION: “,2F18.5)
RETURN

END
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CHAPTER V
COMMON BLOCK

This chapter defines the variables used in common blocks.
blocks are arranged in alphabetical order,
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CUMMUN BNDUCL
THIS COMMON BLOCK CONTAINS INFORMATION CONCERNING THE STARTING
POINT PAHAMETERS AND BOUNDS FOR TRACING A RAY DIFFRACTED FROM
A PLATE EDGE AND THEM REFLECTED FROM THE CYLINDER. THE
INFOURMATION IS GENERATED [N SUBROUTINE GEOMPC AND [S USED
IN SUEROUTINE DPLRCL.
VDC(14,6) THIS ARKAY CONTAINS THE ELLIPTIC ANGLE VOC(MP,ME)
DEFINING THE STARTING REFLECTION POINT ON THE CYLINDER
FOR A RAY DIFFRACTED FROM EDGE ME OF PLATE MP
AND THEN REFLECTED BY THE CYLINDER
UDC(2) THIS ARRAY CONTAINS THE LINEAR VALUE UDC(N) DEFINING
THE Z COMPOMENT OF THE STARTING REFLECTION POINTS ON
THE CYLINDEK AXIS. UDC(I) 1S FOR THE MOST POSITIVE
Z LOCATION AND UD(2) IS FOR THE MUST MEGATIVE Z LOCATION,
PIXCH( 14,6,2) THIS ARRAY CONTAINS ANGLES PDCR(MP,ME,N) DEFINING THE
PHI CUMPONENT OF THE REFL RAY DIRECTION OF RAYS DIF BY ENGE
ME CF PLATE MP AND THEN REFLECTED AT STARTING POINT
N ON THE CYLINCER
TUCk( 14,0,2) THIS AKRAY CONTAINS ANGLES TDCR(MP,ME,N) DEFININC THE
REFL RAY THETA COMPONENT OF RAY DIRECTIONS FOR RAYS DIF RY
EDGE ME OF PLATE MP AND THEN REFLECTEDN BY STARTING REFLECTIOM
POINT N OH THE CYLIMDER,
DILCC 14,00 DOT PRODUCT OF UNIT VECTORS OF RAYS NIFFRACTED
BY EDGE ME OF PLATE MP AND REFLECTED BY THE PREFERRED
STARTING POINT ON THE CYLINDER
BTDC( 14 ,644) THIS ARRAY CONTAINS VARIABLES DEFIMING THE
VECTORS HAVING BEEN OIFFRACTED BY THE CORNER OF ENGE
ME UF PLATE MP FURTHEST FROM THE CYLINDER WHICH ARE
- TANGENT TO THE CYLINDER,
THE TWO TANGENT VECTORS ARE GIVEN BY1:
=A*BTDC(MP.ME.I)¢$}BTDC(MP,ME.2)
2aL*BTDC (4P ME, 3)+FT*BTDC (MP, ME,4)

Ry

L m_‘

& i) *":f-‘l"-' i N |

4

borgees

> DDC(14,0,2) THIS ARRAY CONTAINS THE COSINE OF THE STARTING
i REFLECTED RAY THETA ANGLE, WHERE
“ DDC(MP, ME ,N)»COS(TDCR(MP,ME (N ))

CORNIL EHDFCL -
THIS CCMAOM BLOCK IS GEMERATED IN SUSROUTINE GEOM AND 1S USED
TV SPICIFY THE PERMISSAELE RANGE OF DIFFRACTION ANGLES FOR
SOURCL HAYS DIFFRACTED FY A PLATE EDGE.
BDC14,0,2) THIS DEFINES PERMISSARLE THETA DIFFRACTION
ANGLES FORk KEDGE DIFFRACTIONM
THE PERMISSABLE RANGE FOR DIFFRACTION ANGLE B FOR A SOURCE
RAY DIFFRACTED BY BDGE ME OF PLATE MP IS GIVEN BYs
COS(B1)<COS(RA) <«COS(B2)
WIEKE BO IS THE ANGLE THE DIFFRACTED RAY MAKES WITH
THE EDGE, AKD Bl AND B2 ARE DEFINED AT THE CORNERS OF
THE PLATE AS
COS(B1)=BD(MP,ME, I )
COS(B2)=BD(NP,ME,21.

COMBON BNDICL =~

THIS COIMON BLOCK CONTAINS INFORMATION RELATED TO VECTORS

REFLECTED rKOY PLATES WHICH ARE TANGENT TO THE CYLINDER.

TEZ U/TA 1S GENERATED [N GEOMPC,

DTi(l«) TFIS IS THE DOT PRODUCT OF THE TWO RAYS REFLECTED
DY PLATE HP WHICH ARE TANGENT TO THE CYLINDER

; THE CYLINDEK FRGM THE SOURCE IMAGE FOR REFLECTION

a FuOL PLATE IP3

; DTI (2P =T . T2

R Vil(14,2) THIS IS AN AKRAY OF ELLIPTICAL ANGLES DEFINING

2 d

"

§osid

’3 THE Tw0 TANGENT POINTS OM THE CYL FOR RAYS WHICH ARE
- REFLECTED FKOM PLATE MR AND TANGENT TO THE CYL.MDER.
TANCENT POINT N FOR RAY REFLECTEN FROM PLATE kL.~
- AxE GIVEN UYt
S
5
. 467




X=ACCS(VTTCMP M)
Y=A#SIN(VTT(MP JN))
81l(i4,4)  THIS DEFINES UNIT VECTORS OF THE THO RAYS REFLECTED
BY PLATE 4P AND TANGENT TO THE CYLIMDER.
THE UNIT VECTOR FOR THE SOURCE RAY REFLECTED FROM
PLATE MP TANGENT TO TAN POINT 1 IS
GIVEN BY:
TY=R*BII(MP, 1 )+P*RTI (4P ,2)
1HE UNIT VECTOR FOR THE SOUKCE RAY REFLECTED FROM
PLAIE MP ‘TANGENT TO TAN POINT 2
IS GIYEN BY3 .
=R*BTI P, 3)+T*BTI(MP ,4)

COMAUN BNDKCL
THIS CulidOl BLOCK CONTAINS INFORMATION CONCERNING THE
STAKTING PARAMETERS AND BOUNDS FOR RAYS REFLECTED FROM THE
CYLIHDER AND THEN DIFFRACTED FROM A PLATE EDGE. THE INFORMATION
IS GELERATED IN SUBROUTINE GEOMPC AND IS USED [N SUBROUTINE RCLDPL.
VCD(14,6) THIS ARRAY CCNTAINS THE ELLIPTIC ANGLE VCD(MP, }C)
THAT DEFINES THE X,Y COMPONENTS OF THE REFLECTION
POINT LOCATION FOR THE RAY WHICH 1S REFLECTED BY
THE CYLINDEK AND HITS CORNER MC OF PLATE %P,
ULD(1a,0)  THIS AihAY CONTAINS THE LINEAR VALUE HCD(MP,MC)
THAT DEFINES THE 2 COMPONENT OF THE REFLECTION POINT
FOR THE RAY THAT IS REFLECTED BY THE CYLINDER AND
HITS CORNER MC OF PLATE MP.
THE REFLECTION POINT L.OCATION I8 GIVEN BY
X=A*COS(VCD(MP,¥E))
Y=B*COS(VCD (XP,MC 1)
Z=UDC(MP, HC)
BCD(14,6,2) - THIS ARRAY CONTAINS THE VALUE BCD(MP,ME,N)
THAT UEFINES THE PERMISSABLE RANGE OF THE BETA
DIFFRACTION ANGLES FOR THE RAY THAT IS REFL BY THE
CYLINDER AND DIFFRACTED BY EDGE ME OF PLATE MP.
TiiE PERMISSABLE RANGE FOR DIFFRACTION ANGLE BO FOR
THIS RAY IS GIVEN BY$
COS(B1)<COS(BO) <COS(B2)
WHEWE BO IS THE AIGLE THE DIFFRACTED RAY MAKES WITH
THE EDGE AND ANGLES B! AND B2 ARE DEFINED AT THE
CORN ERS OF TKE PLATE ASt
COS(131 ) =BCD (KP ME, 1)
COS (£2)=BCD(MP,ME,2)

Comaul BNDSCL —
FHIS COMMON BLOCK COMTAINS [NFORMATION RELATED TO VECTORS
FRCX HE SCURCE THAT ARE TANGENT TO THE CYLINDER.
THE U21A 1S GENERATED IN SUBROUTINE GEOMC
1S THIS IS THE DOT PRODUCT OF THE TW) SOURCE VECTORS
TAMGENT TO THE CYLINDER:
DTS=T! T2
VIS(2) VT¢ COMSISTS OF TWO ELLIPTICAL ANGLES DEFINING THE
THWO TANGENT POINTS ON THE CYLINDER.
TANGENT POINT N IS GIVEN BYs
X=sA®COL(VTS(NDY)
Y=BXSINC(VTS(N))
BTS(47 THIS DEFINES UNIT VECTORS OF THE TWO SOURCE
KAYS TANGENT TQ THE CYLINDER.
THE UNIT VECTOR FOR THE SOQURCE RAY TANGEMNT TO
TAY PQINL 1 1S GIYEN BYs
1 {2 X*BTE( 1) 4Y*BTS(2)
THE UNIT1 VECTOQR FOR THE SOURCE RAY TANGENT TO
TAN P M& 2 1S GIYEN DY#
PAANRIS(S)+Y*BTS(4)

CUMMON BRUIDHW == - —— ——
TUIS Ceatis BLOCUK {S GENERATED [N SUBROUTINE GEQMPC AND (S
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USED iU SPECIFY THE BHRANCH CUT DISPLACEMENT ANGLE FOR THE

PLATE~CYLINDER REFLECTED-DIFFRACTED AMD DIFFRACTED-

REFLECTED LERMS.

PHkK(14,0) 1S THE PHI ANGLE LOCATION OF THE CENTER OF EDGE
ME CF PLATE MP, WITH RESPECT TO THE CYLINDER

COMMUL. CLDRC--- -

THIS COM4QM BLOCK CONTAINS AN ARRAY OF VARIABLES WHICH

ARE GEIIERATED IN MAIN AND SUBROUTINE DPLRCL AMD ARE

PASSEL THROGUGH A SUBROUTINE WINDOW TO SUBROUTINE DPRFPT

WHERE THEY ARE USED

LDkC(14,0) IS AN ARRAY OF LOGICAL VARIABLES.
LDRC(MP,ME) IS SET TRUE IF STARTING POINT DATA IS
AVAILABLE FkQM4 PREVIOUS PATTERN ANGLE (FOR NEXT
PATTERN ANGLE) WHEN DEFINING THE REFILECTION POINT ON
CYLINDER FOk A RAY WHICH IS DIFFRACTED FROM EDGE ME OF
PLATE P AND THEN REFLECTED BY THE CYLINDER

COMMOUN CLRDC
THIS COMMON BLOCK CONTAINS AN ARRAY OF VARIABLES WHICH
ARE GENEWATED IMN MAIN AND SUBROUTINE RCLDPL AND ARE PASSED
THROUCH A SUBROUTINME WINDOW TO SUBROUTINE RFDFPT, WHERE THEY
ARE USED
LkDC(14,0) IS AN ARRAY OF LOGICAL VARIABLES.
LRDC(MPME) 1S SET TRUE IF STARTING POINT DATA IS
AVAILABLE FhOM PREVIOUS PATTERN ANGLE (FOR NEXT
PATTEKN AIGLE) WHEN DEFINIMG THE REFLECTION POINT ON
CYLINDER FOR A RAY WHICH IS REFLECTED BY THE CYLINDER
AND THEM DIFF«ACTED BY EDGE ME OF PLATE MP

COMMOL CLRFC. =

THIS COKMOM BLOCK CONTAINS OME VARIABLE WHICH 1S GENERATED

IN MAIN AND SUBHOUTIME REFCYL AND IS PASSED THROUGH

A SUBKCUTIME WINDOK TO SUBROUTINE RFPTCL, WHERE IT IS USED

LKFC IS A LOGICAL VARIABLE WHICH IS SET TRUE IF THE STARTING
POILT DATA 1S AVAILABLE FROM PREVIOUS PATTERN ANGLE
(rO< MEXT PATTERN ANGLE) WHEN DEFINING THE REFLECTIOM
POILT ON THE CYLINDER

COMMul. CLRFI
THIS COMMON BLOCK COMTAINS AM ARRAY OF VARIARLES WHICH ARE
GENER/TED IN MAIN AND SUBROUTINE RPLRCL AND ARE PASSED
THROUCH A SUBROUTINE WINDO® TO SUBROUTINE RFPTCL, WHERE
THEY /RE USED
LKFIC14) 1% AN AKRAY OF LOG{CAL VARIABLES. LRFI(MP) IS SET TRUE IF
STAHTING POINT DATA IS AVAILABLE FROM PREVIOUS
PATTERM ANGLE (FOR NEXT PATTERM ANGLE) WHEN DEFINING
KEFLECTIOH POINT ON THE CYLINDER FOR A RAY REFLECTED
BY FLATE Mit AND THEN REFLECTED BY THE CYLINDER

COMMUL CLRFS --
THIS LUMMON BLOCK CONTAINS AM ARRAY OF VARIABLES WHICH IS GENERATED
IN MAIN AMD SUBKOUTINE RCLRPL AND IS PASSED THROUGH A
SUBKOLI TJE WINDOR TC SUERQUTINE RFPTCL, WHERE IT IS USED.
LRESC1a) IS AN ARKAY 2F LOGICAL VARIABLES,
LHFS(MP) [5 SET TRUE [F STARTING POINT DATA IS AVAILARLE
FOR THE NEXT PATTERN ANGLE WHEN DEFINING THE REFLECTION
POINT OM A CYLINDER FOR A RAY REFLECTED BY THE
CYLINDER AND THEN REFLECTED BY PLATE MP.

CoMMul, COMP
THIS COMA0N BLOCK CONTAINS THO CONSTANTS USED THROUGHOUT
THE PROGHAL

cd THE TMAGINARY CONSTANT, J (=SORT(-1))

Chlea THE COMPLEX COHSTANT, CEXP(=JxPl/8)
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COMAUN DI -

IHIS COMJON BLOCK CONTAINS INFORMATION SPECIFYING THE DIRECTION OF
PHUPAGATION (THE DESIRED OBSERVATION DIRECTION).
THE Il ORMATION IS COMPUTED IN THE MAIN PROGRAM
D(:)  THE UNIT VECTOR OF THE PROPAGATION DIRECTION IN
(XYZ) REFERENCE COORDINATE SYSTEM COMPONENTS3
D=R*D (1 )+T*D(2) +2%D(3)

THSk  THETA ANGLE DEFINING PROPAGATION DIRECTION IN SPHERICAL REFERENCE

COO<DINATE SYSTEM (MEASURED FROM Z-AXIS) IN RADIANS
PHsk  PHI ANGLE DEFINING PROPAGATION DIRECTION IN SPHERICAL REFERENCE

COOKDINATE SYSTEM (MEASURED FROM X~-AXIS) IN RADIANS
SPE 1HE SINE OF PHSR

CPS THE COSINE OF PHSk
STHS  THE SINE OF THSR
CIHS  THE COSINE CF THSR

COMauN DOUELE
THIS CumMOt BLOCK COMTAINS INFORMATIOM DEFINING ANGLES WHERE
DOUELE DIFFRACTION TERMS WOULD BE SIGNIFICANT (SHADOW
BOUNLARIES FOR SINGLE DIFFRACTED RAYS)
IDb(Jol) 1HIS INTEGER IDENTIFIES WHICH EDGE THE FIRST
DIFFRACTION OCCURS FROM AND WHICH PLATE SHADOWS IT
FOr A GIVEN PATTERN ANGLE, II
IDCId,0)  THIS INTEGER ARRAY IS USED TO STORE THE PLATE THAT
SHADONS THE RAY DIFFRACTED FROM EDGE ME OF PLATE
MP (ID(ME,MP)).

19 THIS INTEGER VARIABLE IDEMTIFIES THE ORSERVATION
ANGLE UNDER CONSIDERATION

COLMOL EDHAG == - -
THIS CcOM40L BLOCK IS GENERATED IN SUBROUTINE GEOM AND IS USEN TO
QEFLisE PLATE EDGE LENGTHS
VMAG(14,0) THIS DEFINES THE LENGTH OF EDGES ON PLATES IN WAVELENGTHS.
THE LENGTH OF EDGE ME OF PLATE MP 1S GIVEM BY
VUAG(MF , ME)

CulkOl ESTLR - -_

THIS couMWO® BLOCK 1S USED IN MAIN TO STORE THE TOTAL ELECTRIC

FIRLDE,

gibi(Zo1) THIS COVPLEX ARRAY IS USED TO STORE THE TOTAL
E-THETA FIELD

EPET(o1)  THIS COMPLEX ARRAY [S USED TO STORE THWE TOTAL
E-PHI FIELD

COMMUL. FARP = ——

THIS COXaQN BLOCK DEFINES THE TYPE OF SOURCE USED AND THE
DIRENEIONS OF THE SOUKCE (VARIABLES DEFINED IN MAIN PROGRAM)
In THIS DEFLNES THE TYPE OF SOURCE USED#

["=2 SPECIFIES ELECTRIC SOUKCE

[d=1 SPECIFIES MAGNETIC SOUKCE

H THE LENGTH CF THE SOURCE (IN THE DIRECTIOM OF THE SQURCE
CURRENT) IMN WAVELENGTHE
Haw THE APERTURE WIDTH [N WAVELENGTHS (RIDTH OF THE SOURCE)

(IF HAW 1S LESS THAN @.1 WAVELENGTHS , THE CODE
ASSUMES THIEE SOURCE TO BE A LINE SOURCE)

COIEVUL FEUAT  mmemee— e e oo ————

fHEL CCLHOP BLOCK COMTAINS SOURCE PATTERN

FACiUh DHFCKMATION FOL USE WHEM THE USER

CHUULLS 10 DEFLME THE SCURCE PATTERM FROM DATA ORTAINED ELSEWHERR

[¢ Le USEL IN AN [ETERPOLATION SCHEME

Erkiitiol)  THIS COMPLEX ARRAY DEFINES THE E-PLANE PATTERN OF THE
SOUNCE

HPELC201)  THIS COMPLEXL ARRAY DEFINES THE H-PLANF PATTERM OF THE
SUlnCE

470

i

20

&

el

sun

goreroy R )
: v

.

B euurcg

.

£ aRiiag

piaid ol

b G Sk Cand




Do Snapoperana P et R

§oend

o §onic b

& snd

s

COMNJUN FHANG
THIS COMMOY BLOCK DEFINES WEDGE ANGLES FOR PLATE EDGES. IT IS
GENERATED IN SUBROUTINE GEOM AND USED IN DIFFRACTION COEFFICIENT
CALCULATIONS.
FHNP(14,6) WEDGE ANCLE OF EDGE ME OF PLATE MP

FNP(MPME)=(2%PI-HA)/P] ,WHERE WA 1S THE INSJDE

ANGLE OF THE WEDGE. 1IT IS RENAMED FN IN THE MAIN

PROGRAM BEFGRE CALLING DIFFRACTION SUBROUTINES

NOTEs IF TWC PLATES INTERSECT, DIFFRACTION CALCULATION IS ONLY

CALCULATED ONCE, EVEN THOUGH TWO NIFFERENT EDGES ARE [NVOLVED.

THEREFORE, THE WEDGE ANGLE FOR ONE OF THE COMMON ENGES

HILl, BE SET NEGATIVE AS A FLAG AND THE DIFFRACTED FIELD

vILL ONLY BE CALCUALTED ONCE FOR THE COMMOM EDGES

(YHE FLAGGED EDGE IS IGNORED)

CGHitul FUDO —
THIS CoMimi BLOCK 1S USED TO TRANSFER DATA CONCERNING GEOMETRICAL
OPTICE KEFLECTION FROM THE CYLINDER IN SUBROUTINFE REFCYL TO
SUBKROUTINE SCTCYL
TuAN _ THE SPREAD FACTOR AND PHASE OF THE G.0. FIELD
ESTH ] THE1A AND PHI COMPOMENTS OF SOFT COMPONENT OF FIELD INCIDENT
ESPH { Ol CYLINDER REFLECTIOW POINT '
EHTH | THETA AHD PHI COMPONENTS OF HARD CCMPONENT OF FIFLD INCIDENT
EHPH | ON CYLINDER KEFLECT{ON POINT
Xkt3) X,Y,Z COMPOMENTS OF THE REFLECTION POINT LOCATION [N RCS
RG RADIUS OF CLRVATURE OF CYLINDER AT REFLECTION POINT
RHUI RAY SPREADING RADIUS IN PLANE OF CYLINDER CHRVATURE AT
REFLECTIOM PCINT IN RCS
SHAG  DIS1ANCE FROM SOURCE TO REFLECTION POINT
LThkF  SET TRUE IF GEOMETRICAL OPTICS REFLECTED FIELD
IS NOT PRESENT

COLMUN FLDGI —
fHIS COMMOL BLCCK 1S USED TO TRANSFER DATA CONCERNING
GECMLIHICAL OPTICS REFLECTION FROM A PLATE THEN FROM THE
CYLINLER IN SUBRCUTIMNE RPLRCL TO SUBROUTINE RPLSCL.
TRAN  THE SPHEAD FACTCR AND PHASE OF THE GEOMETRICAL OPTICS
FIELD
ESTH  THE THETA CCMPONENT OF THE SOFT COMPONENT OF THE
FIELD INCIDENT ON CYLINDER REFLECTION POINT AFTER
PLATE REFLECTION
E5PH  PHI COMPONENT OF SOFT COMPONENT OF THE FIELD INCINENT
ON 1HE CYLINDER REFLECTION POINT AFTER PLATZ REFL.
EHIH  THETA COMPONENT CF HARD COMPONENT OF FIELD
[I{CIDENT ON CYLINDER REFLECTIOM POINT AFTER PLATF REFLECTION
EHPH  PHI COMPONENT OF HARD COMPONENT OF FIELD INCIDENT
ON CYLINDER REFLECTICN POINT AFTER PLATE REFLECTION
X(3)  X,Y.Z COMPORENTS OF THE REFLECTION POINT LOCATION
It uCS
RG RAY SPHEADING RADIUS IN PLANE OF CYLINDER CURVATURE
AU nEFLECTION POINT I[N RCS
RHGI HAY SPREADING RADIUS IN PLAME OF CYLINDER CURVATURE
AT KEFLECTICH POINT IN RCS
SMAG  DISTANCE FRCI THE SOUWCE IMAGE TO THE CYLINDER
REFLECTION POINT
LIkFl  SET TKUE IF GEOMETRICAL OPTICS REFLECTED FIEWLD
1S 101 PRESENT.

SOAMUL FL) mmmm e mm o mm e o e e e

[H1s COrt BLUCK 1€ USED TO TRANSFER DATA CONCERNING GEOMETRICAL
OPTILE wErLECTION FHCM THE CYLINDEW AND THEN A PLATE [N

SUBRULT 1itE RCLAPL TO SUPROUTINE SCLRP;.

ThAl  THE SPKEAD FACTOR AND PHASE OF THE 6.0. FIELD

ESTH Y\, THETA ANQ PHI COMPONENTS OF SOFT COMPONENT OF FIELD INCIDENT
ESPH 0N CYLS OB« WIFLECTION POINT
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EHTH  THETA AND PHI COMPOMENTS OF HARD COMPOMENT CF FIELD IMCIDENT
EHPE  ON CYLINDER REFLECTION POINT

An(3)  X,Y,Z COMPONENTS OF THE REFLECTION POINT L.CCATION IN QCSs

KG RADIUS UF CUKVATURE OF CYLINDER AT REFLECTION POINT

RHCIT RAY SPREADING RADINS IN PLANE OF CYLIMDER CURVATURE AT
REFLECTION POINT IN RCS .

Si4AG  DISTAKRCE rRCM SOURCE TO REFLECTION POIMT

LTurd SET TRUE IF GEOMETRICAL OPTICS REFLECTED FIELD
IS LOT PRESENT

CCu¥ 0N GEGUEL

THIS €OM40n BLOCK CONTAINS INFORMATION DEFINING THE ELLIPTIC

CYLINLER GEOMETRY (SPECIFIED IN MAIN PROGRAM FROM DATA INPUT)

A HADIUS OF ELL CYLINDER ALONG X-AXIS OF
THE CYL{NDER [N WAVELENGTHS
3 RADIUS OF ELL CYLINDER ALONG Y-AXIS OF

THE CYLINDEk IN RAVELENGTHS

ZC(2) POINT WHERE END CAP MC INTERSECTS Z AXIS OF REFERENCE
COCLDINATE SYSTEX
THE VARIABLE Z2C(1) REFEKS TO THE MOST POSITIVE
E?D CAP AND THE 2C(2) REFERS TQ THE MOST MEGATIVE

1D CAP

SHu(2) THIS IS THE SINE OF THE ANGLE BETWEEN THE Z AXIS AND THE
PLANE OF END CAP MC (ANGLE MEASURED IN X=7 PLAME)

CliC(2) THIS IS THE COSINE OF THE ANGLE BETWEEN THE Z AXIS AND THE
PLANE OF END CAP MC (AMGLE MEASURED IN X-Z PLANE)

CIC(2i THIS IS THE COTANGENT OF THE ANGLE BETWEEN THFE Z AXIS AND THE
PLANE OF END CAP MC (ANGLE MEASURED IN X~Z PLANE)

CUNMNOUN GEOPLA
THI S COMMON BLOCK COMTAINS GEOMETRICAL DATA DEFIMING THE
UELAETRY GF THE PLATES (CALCULATED IN SUBROUTINE GEOM)
X(14,0,3) THIS ARKAY NEFINES CORNER [.OCATIONS FOR ALl OF THE PLATES IN
THE (AY2) REFERENCE COORDINATE SYSTEM COMPOMENTS
IN WAVELENGIHS
THE LOCATION OF CORNER MC OMN PLATE MP IS AS FOLLOWS:
X=X(MPHC, 1)

Y=X(MP,MC,2)
Z=X(HP,MC 3
V(ld4,¢,3) THIS DEFINES THE EDGE UMIT VECTOR FOR EACH EDGE ON
EACH PLATE

THE EUGE VECTOR v OF EQGE ME OM PLATE MP IS AS FOLLOWS®
SRRV (MR ME, 1 YRV (NP JHE, 2) +TwV (MNP, NE, 3)
(KOTE THAT EDGE ME IS BETHEEN CORMERS NC AMD MC+!
WHERE MC=ME)
VP(14,0,3) THIS DEFINES THE UMIT BINORMAIL FOR FACH EDGE ™! EACH
PLATE IN (XYZ) REFERENCE ~(STEM CONMPONENTS
1HE EUGE_BINORMAL FOR EDLi ME OF PLATE MR [S AS FOLLOWS:
wRuVP (MP ME 1 Yo Fevp (MP, ME, 2 )6 20V0 (4P, ME, 3)
VECL,3) THIS DEFINES THE UNIT NORMAL FOR EACH PLATE IN (XY2)
KERERENCE CCOHDINATE SYSTEH COMPONENTS
THE VLA€§ UNIT LOMAL FOR PLATE P IS GIVEN AS FOLLOWS:
NaXaVHNCUP, 1) oTaVHMP 2 o Devn (Hp )
REP(14)  TilS IMTEGER AkiAY DEFINES THE NUMBER OF ENGES
{UK CORMENWS) OM PLATE wp
AP I INTEGEL DEFINES THE NUMBER OF PLATES [N
THE GEQRETHY ($0T [MCLUDING GROUKD PLATE)

CUA Gil GhUliE].  seeececnos cmcomma—e
Pl COredr HLOUN CIvES JRFOUAATION CONCERNING THE [MFIMITE AROIMD
PLANG
Lunbod & LoGICAL VAREABL-: USED TO THDICATE THE $HESENCE OF Al
JREINETE GROUNE PLANE
LGl eT  [HBTCATES GHOUND PLAME PRESEHT
LoHNMar  DINICATES GROUND PLAME NOT USEN
M THe SAXLIMUY RUUBER OF PLATES PRESENT ( [MCLIDING THE
GaOuly PLARE [F CHE [S USEND
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Colmgl GTO ===

Tit]3 comauh BLOCK COMTATNS INFORMATION RELATED T0 THE

CHEEPING A2VES IM SUBROUTINES SCTCYL,RPLSCL,SCI. .,

PO, ARD RALCY

AS Pl #INUS THER (THSR IS THE THETA COMPONENY Gr THE
OBSERVATION DIRECTION [N REFENI™NCE COORNINATE SYSTEM
R=LATIVE TO THE CYLINDER AXIS IN RADIANS)

10G FLAG FOR FUNWCTION FCT

SAL THE SINE OF AS

SASP  THE ABSOLUTE VALUE OF THE SINE OF AS-P[/2

CAS THE CUSINE CF AS

CuMAOL HITHPLT
THIS COM4UN GLOCK CONTAINS A VARIABLE THAT IS DEFINED
Itle SUEKQUTINE PLAINT AND IS USED IN SUBRONTINE GEOM

For LLENTIFYING OOUBLE DIFFRACTIONS FOR PLATES

XPH THE NUMBER OF THE PLATE MHICH THE RAY HITS FIRST

CORMOM IMAINF

THIS COM40M BLOCK DEFINES SOURCE IMAGE LOCATIONS AND :

DIRECTIQNS FOR HEFLECTICM FROM PLATES. (CALCULATED N GEOM)

A0¢14,14,3) THIS GIVES THE SOURCE IMAGE LOCATIGNS N
WAVELENGTHS FOk ALL SINGLE AND DOUBLE REFLECTIONS
riOs PLATES
THE SOURCE IXAGE LCCATION FOR A RAY WHICH IS SINGLY REFLECTED
FHOd PLATE MP IS SIVEN BY»

X=sXI(MP NP, 1)

YaXI (P P, 2)

23Xl (MP P, 3)
THE SOUWCE IMAGE LCCATION FOR A DOUBLY REFLECTED HAY WHICH
KErLECTS OFF QF PLATE 4P AND THEN PLATE MPP IS GIVEN AYs

X=Xl (MP MPP, 1)

YaXlup 2pp2)

CwXTCHP PP 3)

VX[{3,3,14) THIS SPECIFIES SINGLE REFLECTICN SOMRCE IMAGE
COULDIMATE LYSTEL AXES UNIT VECTORS IN (XYZ) REFERENCE
CGCHDINATE SYSTEN COMPONENTS
THE [MAGE SOURCE COORDINATE SYSTEM AXES HHIT VECTORS
FUR SIHGLE REFLECTION OF SOURCE (N PLATE MP ARE
Gl vkt AY1

GlVEn By -
%ﬁ‘wnc 1,1 '”vax“ } .2.vo)o§wxu 1,3,40)

sReVX1 (2,1 MR oFOVXI 2,2, M2 )0 T0VX 12,3, VP)
TevXie3, 1,4 eYovK 3,2, 806 0VX1(3,3,M0)

COLAIL JAUINF e e e o s e s
THIS BLOCK CONTAIME [RECAMATION DERINING THE SOMRCE IMAGE
ROk SIAGLE MEFLECTION FROY A CYLINDER END CAP [N NAVELENGTHS,
THE I8 G2 TION (S OEMERATED IN GEONC AND [MCDIR.
AIC€2,3)  THIS CIVES THE SOUNCE INAGE LOCATIONS FOR SINGLE
HEFLECTIONS FROY CYLINDER EKD CAPS,
THE SUUNCE LOCATIUN FOR REFLECTION FROM
Elu Cal W 1S GIVEN IN THE HCS ASH
Xenfouc,
YeXIC(AE,2?
P SINEY Wk )]
VAICL  308? THIS DEFINES THE SOUKRCE [MAGE CONORNIHATE
SYSi LR AZES FOR MIFLECTION FROE END CAPS,
THE SUUKRCE [3AGE COOHDINATF SYSTEN AXES (RIT
VECTORS FOl A RAY HEFLECIED FinM EMN CAP T ARE
GIVER 1N THE HTS AS FOLLUMSK
aToyMICHL 4 MO ooV 101, 2,0 e TeukICE) . 2,400
-?-vncu.l.scui-vucw.?.uc:o VK012, 3,400
SPOaXoud 1CI3. 1 00 o POUXICE 3, 2.5 1o DoV ICE I, 3 KED
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COLUMON LDCHY oo e

THIS AKKAY OF VARIAELES IS COMPUTED 1IN QUBROUTINE GEOMPC

LLCI<,0) LOGICAL VARIABLE
LOC(MP,ME) IS SET TRUE I[F EDGE ME OF PLATE MP IS
PART OF A DIFFRACTING WEDGE USER TO COMPUTE
DIFFRACTED FIELDS FOR PLATE DIFFRACTED. CYLINDER
REFLECTED RaY

CULMUN LOGUIF  mrmmeme e oo :
VHIS COXOL BLOCK CONTAINS IMFORMATION THAT INDICATES WHETHER OR
NOT SLUPE ANID CORMEI: DIFFRACTION
MECHANI S4S ARE TO EE INCLUDED IN FIELD CALCULATIONS
LSLGPE A LOGICAL VARIABLE USED TO INDICATE IF SLOPE DIFFRACTION
. IS DESIRED
LSLOPE=T INDICATES SLOPE DIFFRACTION DESIRED
LSLOPE=F INDICATES SLOPE DIFFRACTION NOT DESIRED
LCOKK A LUGICAL VARIABLE USED TO INDICATE IF TORNER DIFFRACTION
IS DESIKED
LCORNK=T INDICATES CORMER DIFFRACTION DESIRED
LCORNR=F INDICATES CORNER DIFFRACTIOM NOT DESIRED
COMNUN LPLLY ——mmmmmmmme—— e
THIS CUNAON BLOCK CONTAINS LOGICAL VARIABLES HDICATING THE PRESENCE
Ok ABSENCE OF PLATES AND CYLINDERS IN THE GEOMETRY (SPECIFIED IN
MAIN FROGRAM)
LPLA A LUGICAL VARIABLE USED TO INDICATE THE PRESEMCE OF AT
LEAST ONE PLATE OR INFINITE GROUND PLATE
LPLA=T INDICATES PLATES ARE ‘PRESEMT
. LPLA=F INDICATES PLATES NOT PRESENT
LCYL A LOGICAL VARIABLE USED TO INDICATE THE PRESENCE OF
AN ELLIPTIC CYLINDER
LCYL=T INDICATES CYLINDER PRESENT
LCYL=F INDICATES CYLINDER NOT PRESENT
COMMIL. LSHDP -------——-----————-n---’
THIS COEAON BLOCK 1S USED TO TRANSFER DATA FETWEEN SURROUTINE GEOM
AND SUBROUTINE PLAINT FOR THE TOTAL SHADOKING ALGORITHM
.LSIS A LOGICAL VARIABLE SET TRUE IF TOTAL SHAPOWING ALGORITHY
IS BEING USED ‘
LSTD(14) A LUGICAL ARRAY SUCH THAT
LSTU(ML) 1S SET TRUE [F PLATE ML TOTALLY SHADOWS PLATE MP
FROM THE SOURCE i

%
[

Corwot LSHCT  -— - e
THIS COL:#Ot BLOCK CONTAINS INFORMATIOM INDICATING PLATES THAT
ARE TCTALLY SHADCWED FROW THE SOURCE OR PLATES WHICH ARE SHANOWED
FrROM CTHER PLAVES (GENERATED IN SUB, GEOMiAMD USED IN MAIN PROGRAM)
LSHRC14) A LOGICAL VARIABLE USED TO INDICATE IF PLATE MP IS TOTALLY
SHADOWED #ROM THE SOURCE BY ANY ONE PLATE OR THE CYLINDER
LSHLU(MP) =T TNDICATES PLATE 4P IS TOTALLY SHADOWED FROY
DIRECT SCURCE RAYS
LSHD(MP)=r INDICATES PLATE MP [S NOT TOTALLY SKHADONWED
LIkGC14,14) A LOGICAL VARIABLE USEN TO INDICATE IF PLATES
o AND MPP CANNOT ILLUMINATE EACH OTHER
LIHL (4P ,42P) =T [NDICATES PLATES CANNOT ILLUMINATE EACH OTHER
LIHU (P, 4PP ) =¥ [NDICATES PLATES CAN ILLUMINATE EACH OTHER

Cu lvhh- (l”T"lU -------------- —— 4'

CHIS CotMut BLCCK CONTALINS IMFORMATIONM USED TO ORTAIN THFE

PPk FIELD OUTPUT N SUKROUTINE OUTPUT. i

_ LPrAL THIS LOCICAL VARIABLE IS SET TRUE IF TOTAL POWER
HADIATUDR BY THE SOURCES 1S SPECIFIED BY THE USER

LItANG  Tiits LOGICAL VARJABLE IS SCT TRUE IF COMPITED
FAR=ZONE F1ELD YALUES ARE TO INCLUDE RANGE FACTOR.

(CEXP(=Jwil)/N) é
PrAL  TOTAL POsER KADIATED (OR INDUT PONFRY 1IN WATTS
(SPECTFLED bY THY USFIR)
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ERINE i 'l‘\'lAf. 't rHROM THE ORIGIN TO THE FAR FIELD
r‘)l 1O XELEDS

al e MAVELENLTH IN METERS ,

UL PATLAY e e e !

TS LL"” LOUX UEFINES THE PATTERN CUT COORDINATE SYSTEM.
APCLS) ”" UFFI” Z THE PATTERN CUT COORD SYSTEM X AXIS UNIT

v:g.Ou [t! (XYZ) REF, COORD. SYS. COMPONENTS
THE X A/L\ UNIT VECTQR IS GIVEN, AS?
XPC=THXPC (1) #Y*XPC(2) ¥T+XPC (3)
YPCCs)  idlS DEFINES THE PATTERN CUT COORD SYS Y AXIS UNIT
VECLTOR It (XYZ) HCS COMPOUEMTS i
THE Y AXIS UNIT VECTCR IS GIVEM AS:
PEaRWYPC (1) +F*YPC(2)+Z*YPC(3)
SPCH3 {11 S DEFINES THE PATTERN CUT COORD SYS Z AXIS UNIT
VECTCn ' {AYZ) REF. COCRD. SYS. COMPONENTS
THE Z AXLS L UNIT VECTOR 1S GIVEN, AS1
kpu-x*zpc<t>#?%zpcrz>‘2*290(3)
COMALL FlS —mmrmccacc e e e e i
THIS LGAMA0N FLOCK COMTAINS MATHEMATICAL CONSTANTS BASED ON
THE HUL Gizsty Pl WIIICKF ARE USED THROUGHOUT THE PROGRAM
THEY Ank DEFINED IM THE BLOCK DATA.
pt THE CONSTANI. Pl (3.14159265) |
re1 A CONSTANT, T90 TIMES Pl (6.28318531)
DPH THE CONVENSION FACTOR FOR COMVERTING AMGULAR MEASUREMENTS
IN hALIANS 70 DEGREES (=180/PI=57,2957795)
HPD THE CONVEKSICH FACTOR FOR CONVERTINC ANGULAR MEASUREMENTS IN
DEGREES TO hADIANS (=P1/183=0.0174532925)

et

CUMMUON #OTDT - -
THIS COMION ELOCK UEINES THE MEW REFERENCE COORDINATE SYSTEM AXES
DIKECIIUIS. 1T IS DEFINED FKOM INPUT DATA IN THE MAIN
Phicithd ail) 15 USED 1N SUBROUTINE ROTRAN TO TRANSFORM LOCATIONS
AU VELIOJL Fieo OLD REF COOKD SYSTEM COMOONENTS TO NEW REFERENCE
CCCRUINATE SYSTEY COMPOMENTS. THE NEK REFERENCE COORNDIMATE SYSTEM IS
THE CAL TNDER LUURD[rATE SYSTEM (IF A CYLINDER 1S PRESENT).
I¥ Tk CYLINDER [S KOT PRESENT THE TRANSFORYATIOH 1S NOT NECFSSARY
SIHCE THE HEFERENCE COURDINATE SYSTEM REMAINS THE SAME COORDIMATE
SYSTe# [ WHICH THE GEOMETRY WAS DEFINED
XCL(3) THIS DEFINES THE NEY REFERENCE COCRDINATE SYSTEM X=-AXIS UNIT
VECIOK II' OLD REFERENCE SYSTEM COMPONENTS
- THE KCS X~AMI$ UNIT VECTOR IS DEFINED ASt
X=K0#XCL( 1) +Y0# XCL( 2) +20% XCL( 3)
YCL(3) THIS DEFINES THE NE# REFERENCE, COORDINATE SYSTEM Y-AXIS UNIT
VECTOR [N OLD REFEREICE SYSTEM COMPONENTS
THE RC5 Y=AXIZ %ng VECTOR. IS DEFINED AS?
*YCL( 1)+¥0#YCL(2) +Z0+YCL( 3)
ZCL(3) THIS DEFIMES THE NEW REFERENCE COORDINATE SYSTEW Z-AXIS UNIT
VECIOR IN OLD REFERENCE SYSTEM COMPONENTS
"THE RCS Z-ANIS UNIT VECTOR_IS DEFINE[ AS!
éz ZCL(1)+Y0#ZCL(2)+Z0%2CL(3)
WHEKE X0,90,20 AKE UNIT VECTORS! OF THE OLD RERERENCE
COOMD SYS AXTS

CUMAUN SOKINF  —memmemmccccem—ane——
THIS CoMton RLOCK COMTAINS INFORMATION PERTAINING 70 THE LOCATION
AND OLIEUTATION OF 1HE SOURCE UNDER CONSIDERATION (SPECIFI¥KD IN
MAL I FhOuRAM) i
X5(3) THE LUCATION OF THE SOURCE INMN (XYZ) REFERENCE COORDINATE
SYSTEM CCUPCHENTS IN WAVELENGTHS .
VX5(3,3) A 3X3 MATKIX DEFINING THE SOURCE COORDIMATE
SYSTEM AKES UNIT VECTORS IN REFERENCE COORDINATE SYSTEM
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COMPONENTS®
§E€?§VXS(l,%){&*VXS(!,2)#2%VXS(I.3)
ngﬁivx5(2.|)+ *vxs(z.z)f%uvx5(2.3)

STHVXS( 3, 114P4VXS(3,2 197¢VXS(3,3)

CUOLMUN SQURSF
Ti1S COGMION BLOCK COMTAINS A SOURCE FIELD FACTOR.
1T IS COYPUTED IN SUBROQUTINES GEOM AND GEOMC AND IS USED
Il SUEHOUTINE SOURCE AND SOURCP.
FACTOK  THIS IS A COEFFICIENT OF THE SOURCE FIELD USED
Tu UBTAIN THE CORRECT FIELD MAGNITUDE FOR SOURCES
MOUNTED ON PLATES OR END CAPS (IN ORDER TO
COMPENSATE FCR IMAGE EFFECTS). FACTOR IS GIVEN AS
FOLLOWS3
FOR ELECTRIC SOURCES3
rOk SOURCE NOT MOUNTED ON PLATE OR END CAP,
FACTOR=!.0
<Ck SOURCF MOUNTED :ORMAL TO PLATE OR END CAP,
FACTOR=! .0
+Oh SOURCE MOUNTED OM PLATE OR END CAP BUT NOT
NORMAL TO IT, . )
FACTOR=9.5
FOR MAGNETIC SOURCES
FOR SOURCE NOT WMOUNTED ON PLATE OR END CAP,
FACTUR=1.8
FOk SOURCE MOUMTED ON PLATE OR END CAP AND
PARALLEL TO IT,
FACTOR=2 .0
FOk SOURCE MOUNTED ON PLATE OR END cA2, BUT NOT
PARALLEL TO IT,
FACTCR=1.8

COMMUM SKRFACC
THES COMMOM BLOCK 1S DEFINED IN SUBROUTINE GEOMC AND IS USED IN THE
MAIHN PROGEAM

LSHFC(HC) A LOGICAL VARIABLE INDICATING WHETHER OR NOT

THE SQURCE UNDER CONSIDERATIOH IS MOUNTED ON CYLINDER
END CAP MC

LSREC{UC)=T INDICATES SOURCE MOUNTED ON EMD CAP MC
LSHFC(MC )=F [NDICATES SOURCE NOT MCUNTED ON END CAP MC

COMOL SURFAC -

THIS ELOuK IS DEFINED IM SUPROUTINE GEOM AND IS USED IN THE MAIN

PhOGRAN AND IN SEVERAL SUBROUTINES

LSUkE{14) A LOGICAL VARIABLE INDICATING WHETHER OR NOT
THE SOUKCE UMDFR CONSIDGRATION 1S VOUNTED ON PLATE MP
LSUikF(4P)=T [NDICATES SOURCE MCUNTED ON PLATE MP
LSURF(MP)=F INDICATES SOURCE HOT MOUNTED ON PLATE MP

COMWN TEST ~--

THIS CONAON BLOCK CONTAINS LOGICAL VARIABLES USED TO INSTRUCT

THE CUDE WHETHER Gk NOT A PRINT<rYT OF TEST DATA IS DESIRED.

LDEBJUC THIS LOGICAL VARIABLE I3 SET TRUE IF DEBUGGING DATA IS TO
BE DRINTED ON LINE PRINTER

LTEST THIS LOGICAL VARIABLE IS SET TRUE IF TEST DATA IS TO

BE PRINTED OM LINE PRINTER

COLMIL THPHUY  =mom e rns o s s e e

THIS COMMON BLOCK CONTAINS TMFORMATION DEFINING THE THETA AND PHI
POLAKIZATION UN!T VECTORS FOR THE OBSERVATION DIRECTION (COMPUTED IN
MAIN PROGRAM)

DT(o) THE THETA UNIT VECTOR FOR OBSERVATION DIRECTION D
IN KCS %QMPONENTS!
TERHRDT (D +TROT (2)+T%DT ()
DP(Z)  THE PHI BUIT VECTUR FOR ORSERVATION DIRECTION N IN REFFREMCE
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COOKDINATE SYSTEM COMPONENTSS
wRRDP (1 )4V4DP (2 )42%DP(3)

CUMNUN TOPD - .
THIS COMION BLOCK CONTAINS A CONSANT USED IN THE DIFFRACTION
SUBRULT INES

Top THE COMPLEX CONSTANT, ~CEXP(=J#Pl/4)

Ammiiond oot B | VRN
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CHAPTER VI
SYSTEM LIBRARY FUNCTIONS USED BY CODE

arccos of X; result in radians

X truncated to an integer and set real

log to base ten of X

arctangent of Y/X; result in radians covering all four
quadrants

magnitude of the complfx number, Z

complex exponential (") -1 In(z

complex log of Z (In Z +j tan 2 )

complex conjugate of Z

cosine of X

square root of . complex number, Z
sign of Y times absolute value of X
sine of X

square root of X

tangent of X
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